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fttUPAUE 

Refectory materials are used in almost every 
industry in which Ifeat il employed, and they are 
equally* as necessary {o the construction of the 
domestic fireplace as tfl that of the largest furnaces 
employed in steel-making. Yet the nature, proper¬ 
ties and methods rtf manflfacture of these widely-used 
materials are so little known, that.few people are 
aware of their enormous importance. 

Without refractory materials no locomotives could 
transport either goods or passengers, no boilers 
could be built to supply steam for the multifarious 
purposes for which that wonderful material is used. 
Without refractory materials, there could be no 
metals, and civilization would never have advanced 
beyond the Stone Age. Indeed without materials 
sufficiently refractory to meet his simple needs, 
gven primitive man could not long exist for, even 
in the mgst elementary form of human life, pots— 
capable of being placed on a fire without damage 
—for cooking purposes appear to bfe essential. 

Some manufacturers and inventors at tho # present 
lay complain that* Aodem requirements are so 
severe tltat industrial progress is hampered by lack 
of materiftls which possess a sufficiently high refrac¬ 
toriness. , Whilst there is some truth in this conten¬ 
tion, it would be jnore accurate to say that the 
limitation does not lie with the materials available, 
so much as in a widespread ignorance of tfipir nature 
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and propettifs' Speakipg generally, men of great 
ewferjtrfse have.given* little ok no thought to the 
possibilities latent’refractory rraferials. and the 
largest users of these materials and the articles made 
from them pay more attention to securing a “ cheap ” 
article, than to taking effective means to sugp'j’ 
those of superioi quality. 

During recent years, great progress has been made 
in the recognition, by users, of the importance of 
refractory materials, particularly for furnaces, but 
the subject is still in an early stage of development. 
This is due to its great complexity and to the very 
severe conditions to which refractory materials are 
subjected. 

They are required to remain unchanged when 
everything with which they come in contact is either 
reduced to a molten mass or is volatilized or burnt 
away. They are expected to retain their shape 
when subjected to the pressure of many tons of 
molten steel, to the corrosive action of highly basic 
slags and to the destructive effects of the hottest 
flames. The most painstaking attention ,-s paid to 
the scientific testing of steel and many other sub¬ 
stances, but the refractory materials- without which 
modern industry would be imnossjbk—are bought 
with a disregard of tests and specifications which is 
simply astounding. 

Under these circumstances, it is remarkable that 
so few serious failures occur, and the manufacturers 
of refractory articles can dcsirt "io better testimonial 
to their general ability to serve their customers well, 
than the fact that the elaborate precautions .taken 



in the purchase ot other materials are T-dRsidored to 
he unnecessary where nJrai*tories •arc ooncernrtl. 
How far the con*inuat«otjp of*tll\» giethod of pi^r- 
chrwsing goods on " rwputntion " m rather than on 
intrinsic worth, is ju$tiliab^\ is a matter which each 
purchaser must decide for himself. A careful 
reading of the following pages will, it is hoped, 
enable most readers to reach a definite conclusion 
or! the matter. 

In order that this hook may he of the greatest 
possible value to readers who approach the subject 
for the first time, ail descriptions have been kept 
as simple as possible considering the complexity of 
the subject, but thcViore exhaustive treatises men¬ 
tioned in the bibliography especially the author's 
treatise on Itifriiilnri/ Mah r in lx ((Jrifftn) should lie 
referred to for many important details. 

The arrangement of the book is unusual, articles 
of a refractory nature being described prior to the 
materials of which they are made. This arrangement 
h»s been,adopted because the author has found, 
from experience, that students are better aide to 
appreciate the purpose of different |yoeesses if UVy 
•jre first aef|Uitinted with tlw properties of the 
inished products. Ig Jhis way. they proofed on 
fliund educational litres from the known to the 
unknown and make far more rapid progress than if 
they* follow Jhc apparently yin re logical process, 
end commence with the raw'- materials. 

ALFRED B. SEARLK. 

SHKKF1KLI1. 
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REFRACTORIES* for 

FURNACES! CRUCIBLES, ETC. 

CHAPTER I 

FIREBRICKS AMS BLOCKS 

Am essential quality of all furnace linings, and of 
other articles to which the term “ refractory ” is 
applied, is that they shall be able to withstand the 
temperature to which they are exposed when in use. 
This is by no means the only important property 
rghich they ate required to possess, but it is the one 
which is specially significant. 

The term “ refractory,” as applied to furnace 
linings and to other articles or materials used at 
high temperatures, has a meaning somewhat different 
ftom that found in most dictionaries. It is employed 
to indicate that the articles or materials to which 
it refers are capable of resisting the condition! of 
heat, corrosion, and abrasion to which they are 
likely tcF be subjected. In a still more restricted 
sense, it.is applied to those articles or materials 
which show no obvious signs df fusion after being 
heated slowly to af temperature of 1580° C. or 
2876° F. * This temperature has been selected quite 
arbitrarily on account of its convenience, more 
sspecially with regard to firebricks and ctfl^er articles 
made of firecla-" 
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REFRACTORIES FOB*fc0bNACXS, JBTC. 

BataotarigAi: Sent Awn*. 

if** , I 

The refractorin^&of a gSatsrial is^termined by 
making it into a'emall tetrahedron, i.e. similar to a 
pyramid but with u triangular base and only three 
sloping tides, about 2J in. “in height, and $ in. alonj^ 
each side of the base (Fig. 1). This test piece nfRy 
be made by mixing the gaound material with a 




Fig. 2. 

Seger Comes after Use. 


littfe dextrin and water, so as to form a paste, and 
then moulding it in a brass or othef mould; or a, 
piece mky be chipped off a larger article, and ground 
or cut to the required shape. , * 

The test piece is heated along with, similarly 
shaped pieces, termed “ Seger cones,” which ‘are 
made of finely-ground thixtures of clay, ‘flint, and 
felspar in such proportions a^to produce a series 
of cones wlych form a definite scale of refraotoriiAss. 
Such eonis can be purchased from dealers in potters’ 
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materials; they should be. sold undef #■ guarantee 
as to their accuracy', as^ertou^ ewors maj fesalt 
from using uibfelieble con«s. 'TfVJest piece an<| a 
series of cones are fastened on to a suitable tile or 
Blab with a little (paste* made by mixing china 
l4j and calcined alumina with water, and when 
thoroughly dry they are heated in a clean oxidizing 
atmosphere in such a manner that the temperature 
rftes steadily at the rate of about 60° C. in five minutes. 
They are examined from time to time, and when 
the test piece has bent over sufficiently for its apex 
to be almost on a level with its base (see 31 in Fig. 2) 
the test piece and cones are immediately removed 
from the furnace. The Seger cone which has been 
bent to an equal extent is the one regarded as having 
the same refractoriness as the test piAe. Any cones 
winch have collapsed through overheating (see 30 
in Fig. 2) are less refractory than the test piece, 
whilst the cones which have not bent so muoh 
as the test piece (see 32, 33 in Fig. 2) are of greater 
refractoriness. 

Instead «f waiting for the test piece to bend in 
the manner described, it is sometynes considered 
fetter to withdraw it fronk Ahe furnace when a 
prearranged temperature has been reached, and to 
-dkamine it for signs of fusion. The sign of fusion 
usually selected is the loss of angularity of the edges 
of title test piqpe. If no fusion^ias occurred, another 
test piece is heated to a higher temperature, when it 
is again examined. *This procedure is continued 
untif definite signs of fusion are observed, when 
the .cone which has bent to the position t>f 31 in 
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Fi£. 2 is «tsfiien as thq refractoriness of the test 
piocrf. * , f • ’ 

If the test pl^y*sHows signs o( fusion when first 
withdrawn from the furqqce ■ the test must # be 
repeated and thelirst wjjMra^ral made at a lower 
temperature. 

The term “ squatting temperature ” is sdmetunes 
used instead of “ refractoriness.” 

In any report of the refractoriness of a material 
it should be definitely stated which of these points 
—the bending of the test piece or the first observed 
sign of fusion—is used as a basis of comparison. 

When skilfully prepared, Seger cones are very 
convenient, but their indications must not be mis¬ 
interpreted. They are commonly regarded as corre¬ 
sponding to certain temperatures (Table I) but this 
is only the case when they are heated under 


Table l.—S quatting Temperatitreb of Seger Cones when 
Heated under Standard Conditions. 


Seger 

Cone. 

Deg.: 
Cent. 

Deg. ! 
Fah.; 

Seger Deg. ! Deg. 
Cone.; Cent.) Fah. 
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Cone.) Cent. 
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“ standard conditions ” as regards fllb Atmosphere 
inride the furnace and th^rath <4 heating. Tn*l&sgfc 
industrial funices the aonfts usu&H&mdioate slightly 
higher temperatures than those^ actually reached. 
For these reasons, it is better to report refractoriness 
& t^rms of Seger cones and not with reference to a 
scale fif temperature. 

FIRECLAY BRICKS 

The best known refractory materials are fireclay 
bricks—often termed firebricks, though this word 
includes bricks made of silica, alumina, magnesia, 
and other refractojy materials. Such bricks are 
used whenever a structure is required to with¬ 
stand the action of heat, as in furnace linings, 
hearths of fufnaces, boiler settings, domestic fire¬ 
places, etc. 

Fireclay bricks, as their name implies, are made of 
fireclay which is selected, ground, mixed with water, 
shaped either in hand-moulds or in presses, dried 
and then burned at a temperature corresponding 
to the indicating point of Seger cones 5 to % 15. 
Firebricks which are burned at Cane 5 are liable 
<o shrink seriously when he&ted to a much higher 
^emperathre in use, but are quite suitable fo*r many 
purposes .where firebricks are required though the 
conditions are by no means severe. Fireclay bricks 

* The conditions generally regarded as “ standard ” are that 
the test-piece and cones jnust be heated in a clean oxidizing 
ataflosphere, the temperature rising steadily at the rate of 60° C. 
in fife minuteB throughout the whole period of heating. If the 
temperature rises too rapidly the test-piece will*appear to be 
move refractory than is actually the case (see p. 13). 
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wlych ha1% "been burned at a higher temperature 
hfe much moje rteariy constant in volume when 
uqed under mollifying <fcmditions. * * 


Odour. 

Fireclay bricks are usually of a pale cream or 
buff colour, if insufficientlydmmed, but those r 'which 
have been raised to higher temperatures are reddish 
or brown in colow, with numerous black spots of a 
slag-like material derived from the iron pyrites 
originally present in the fireclay. 

The colow of fireclay bricks is of no importance 
bo far as their use is concerned, but it is often an 
indication as to whether they have been burned at 
a sufficiently high temperature. It is by no means 
always reliable but, in the majority of cases, a dark 
spotty brick will prove more nearly constant in 
volume and of greater technical usefulness than a 
pale brick of uniform colow. 

Shape. 

4She shape o^ireclay bricks is of great importance 
for some purposes, because bricks of irregular shape 
require to be laid with largebjoints, and a&the joints 
are the weakest part of a furnace or similar structure, 
and the ones which are first destroyed by corrosion 
and abrasion, it is essential to keep ithem as thin 
as possible. Hand-moulded firebricks arfi found, by 
experience, to be more durablefthan machine-pressed 
bricks in many instances, though this is not always 
the oas4. It is generally agreed that all fireclay 



bricks should be reasonably ^accurate Iff Jkape, and 
that they should not Vtoy^y ftunp tfcan 1| {Ardent 
of the standard length or store tfc|<^2} per cent of 
the*other dimensions, r#\}ess they are sold as “ not 
according to standaigl.” 


The dimensions for fi&clay bricks mentioned in 
the Standard Specification of the Institution of Gas 
Engineers are Sin. by 4}in. by 3 or 2$in. thick. 
These are usually accepted as a standard for all 
fireclay bricks in the United Kingdom. 

Textore. 

The texture of fireclay bricks is of great importance 
as their durability depends largely thereon. It is 
obtious that all the surfaces should be reasonably, 
true and free from flaws, holes and that peculiarly 
irregular surface known as “ winding.” When a 
brick is broken it should contain no "holes” of 
such a si$e to indicate defects in manufacture. If 
the bricks*are* composed wholly of very minute 
particles they will tend to resist coiyosion and 4ke 
chemical action*of slags, etc.* jind any such action 
will occur^t a fairly tyiiform rate. If, on the*other 
fibnd, the bricks are composed of large and small 
particles, Che former will tend to fall out as the 
brick wears ajvay or is corrodpd, leaving relatively 
large hollows or “ pockets,” so that the average rate 
of attack is increased.' 

Uflfortunately, bricks composed wholly of ex- 
trenjely small particles are more sensitive td sudden 

SHOTS) 
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changes (4 temperature and tend to oraclf or spall, 
‘wfien Suddenly hiattd gf cooled. This defect is 
nyich less sengha'in bricks made'cf clay than in 
those made of some other* materials, and generally 
it does not need serious (attention so far as fireclay 
bricks are concerned. , 

Bricks composed wholly of finely-ground fireclay 
naturally have a very fine texture. It is seldom 
considered desirable to grind the material to* a 
uniform fineness, so that most firebricks are composed 
chiefly of fine grains with a variable proportion— 
seldom exceeding 30 per cent and occasionally as 
low as 5 per cent—of particles of 0-05 to 0-25 01 . 
diameter. Occasionally still Itfrger pieces are found 
in fireclay bricks but they are undesirable and are 
usually accidental. Some manufacturers—and most 
users—of fireclay bricks consider that fin. is the 
' maximum size of fragment ordinarily permissible in 
firebricks, though a very small number of pieces 
i in. diameter are not prohibited if they are well 
below the surface. • 

These coarse particles may be compos*! of quartz 
of some other, form of siliceous rock occurring in 
association with fireclay, or they mhy be compose^ 
of grog (p. 89). In suitably proportion they form a 
kind of skeleton to the brick, the finer particles their 
acting as a bond* or matrix so as to < produoe a 

structure of great st(ength and durability. * 

■» • 

The texture may be conveniently examined by breeding 
a brick, grinding tbe broken surface fiat on a carborundum 
grindstone, and then cementing a sheet of thin window 
glass on to it by means of Canada balsam. A similar effect 
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may be obtained by polishing Jhe fiactureB fcrface, but 
' this is much men tiouUeeogie and $he # result is%cdh:titj» ^ 
worth the trouble* # | • • » • 

A'magnifying glass or a low-power*raicroscope is csn- 
veiflent when examining A* texture bricks which have 
been prepared in thift manner. A magnification of 10 
(Wmeters is ample for most purposes. 


In addition to the relative sizes of the various 
particles, the proportion of partially-fused or vitri¬ 
fied material in the bricks is of great importance. 
When the temperature is sufficiently high and the 
heat in the kiln is sufficiently prolonged, some of 
the constituents of the brick begin to melt and 
gradually form a glassy or slag-like material. When 
the amount of this substance is sufficient to fill all 
the interstices‘between the other particles of which 
the brick is composed, a dense, impervious mass is 
produced and the brick is said to be “ fully vitrified.” 
This state is seldom reached with fireclay bricks, 
but it is the normal condition of porcelain and of 
mflny engineering bricks. In this sense the term 
“ vitrificatibn ” is used to indicate the gradual 
formation of a molten glassy or slag-like matesial, 
which flows am&ng the interstices in the bricks and 
will eventually fill them.if the conditions of Hbating 
■are favourable. If a firebrick is exposed to suffi¬ 
ciently higji temperatures when 81 use the vitrifica- 
tion’will continue and, undes suitable conditions, 
so much filsed or vitrified material may be formed 
that either the brick loses its shape or the molten 
material gradually gathers into large ( “ drops ” 
which may eventually fall away. 
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yhis fortLi of destruction may be readily observed 
hr tfie interior, of 4he c roj/s ol many furnaces and 
ki|ns. It is oftee Increakedr by the' stction of basic 
or alkaline materials in the*iumace or derived fr«m 
the fuel (including fine duBt). These substances act 
on the bricks forming new compounds of greatef 
fusibility than the fireclay. Where such substances 
occur it is important to use firebricks with a dense 
face, to which bases and alkalies will not readily 
adhere, and to take the precaution of using a large 
proportion of coarse and inert material in the bricks. 
In resisting such attacks a dense texture is of great 
value, as porous bricks are much more rapidly 
corroded on account of the greater facilities 
they offer for the penetration of the corroding 
agent. • 

Many attempts have been made to devise a suitable 
method for comparing the relative effect ot various corro¬ 
sive agents on firebricks, but none of these methods is 
wholly satisfactory. One of the best consists in cementing 
an inert cylinder on to the brick, filling the cylinder with 
the corrosive agent and then heating the brickAo a suitable 
temperature. After the brick has been allowed to cool it 
is sawn vertically through the cell and the penetration of 
the slag, flue-dust or (fther corrosive agent is estimated 
from the appearance of the sawr. surface. ° 

Much may be learned from an exhaustive examina¬ 
tion of the textures of firebricks which.have been in 
use for a considerable tiiiie, but a detailed description 
of such an examination and the conclusions which 
may be drawn from it is beyond the scope offthis 
book. It must suffice here to state that such an 
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examination usually reveals—ofterf •better' than 
anything else—the causes of superiority or dsticksAgy 
of various firebriqjis. 

Fortuity. 

•^JJost specifications for fireclay bricks do not 
mentym porosity, yet this property is very impor¬ 
tant. The porosity is Chiefly due to the minute 
interstices or voids between the solid particles of 
the bricks, though there is, in addition, a small 
proportion of “ sealed pores ” in the particles them¬ 
selves. Porosity is valuable inasmuch as it increases 
the resistance of a brick to sudden changes in 
temperature, but iff is harmful where it permits 
slags or other corrosive agents to attack the 
bricks. 

In most cases, the proportion of pores is less 
important than their average size, large pores being 
the most objectionable. 

•The porosity is usually determined by weighing a dry 
brick, immgrsinj it in water until saturated, then with¬ 
drawing it, wiping oft the superfluous water, and are- 
weighing the brick. The gain in weight shows the anfbunt 
•f water absorbed in the pores of "the brick ; it is usually 
expressed a percentage of the original weight* of the 
brick. A more satisfactory method is to calculate the 
volume of Vater absorbed and that«of the brick, and to 
expsess the*porosity in terms of percentage by volume. 

It is nocessaVy to determine tilb porosity on whole and 
undamaged bricks, as the interior of fireclay bricks is much 
mofe porous than the bricks as a whole, owing to the 
pree&ice of a dense, exterior skin. 

For jnost furnace linings, coke ovens, etc., the porosity 
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of the HrecHytiHckH used should not be less than 6 per cent 
jly* weight, or 12 person) by volume, though to resist very ‘ 
corrosive slags * ‘’much, IoW, ! porosity ^nay be desirable. 
Bpcks required twwithstana sudden ('Ranges in temperature 
ran scarcely be too jxirous. 1 

Volume-Weight and Apparent Density. 

The ratio of the weight of a fireclay brick to its 
volume is closely connected with its porosity. This 
ratio may he expressed in simple figures by dividing 
the weight of the brick by that of an equal volume 
of water, or it may be expressed in “ lbs. per cubic 
foot.” A fair average figure for the apparent density 
is from 1-2 to 1 ■r>, and for the volume-weight from 
75 to 94 lbs. per cu. ft. 

True Specific Gravity. 

The relative weight (compared with water) of the 
actual particles composing the brick (i.e. the true 
specific gravity) is much greater than the apparent 
density of the whole brick ; it is usually from 2-4 
to 2-7. 

I’ 

Refractoriness.' 

* *' 
The refractoriness of fireclay bricks is qsually the 

same as that of Seger cones 2(i to 32 (xee Table l r 
p. 4); occasionally fireclay bricks wit# a refrac¬ 
toriness equal to Cone 34 are found,,, but they are ' 
unusual and seldom consist wholly of fireclay. The 
higher refractoriness sometimes reported is usually 
due to an error in the carrying out of the test*. If *• 
the heating is effected more rapidly than is described 
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on p. 3. the refractoriness will npparcifWyfpc higher, 
hut the result will be inaccurate njui due to tke ht«t, 
not having had* frme to*jenetr»t</*he test piece 
sufgeiently. Hence, it is of the ufiiTost importance 
to heat the test piqpes nt^a definite and predeter- 
jqjlicd rate. Fireclay bricks which show signs of 
fusion wdien heated to a temperature indicated by 
Cone 3b, conform to the Ho. 1 grade of refractoriness 
of. the Standard Specification of the Institution of 
Gas Engineers : fireclay bricks which are less refrac¬ 
tory yet show no signs of fusion when heated to a 
temperature indicated by (’one 2<>, arc classed as 
No. 2 grade. Bricks which show signs of fusion 
below Cone 2<> are#not regarded as “refractory 
bricks.” 

The fart that «fircbricks with a rrfrn.rtorinr.ss of Cone 27 
(\) often prove quite dural tie in furnaces heated 
to 1050° (\ or altove sometimes puzzles those who have 
not inquired more fully into the matter. The apparent, 
contradiction is flue to the fact that all firebricks have a 
very low thermal conductivity, i.e. heat travels through 
them very slowly. Consequently, if only the surface of 
a brick iH ^xposlsl to the full heat of the furnace, the 
temperature ] in. or so behind the surface may be lfc'ell 
below the softening point of the material. It. is <fu!te 
possible to raise one end of some firebricks to a white heat 
and to hold the other and quite comfortably in 11^ hand. 

t 

Melting Pgint. 

Tke mating point of fireclay bricks is seldom 
determined. It appears to l»c’much higher than the 
refractoriness or squatting temperature, if large 
pieces of brick are examined, but if a few grains are 
heated under the microscone the difference .between 
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the refractoriness ’ and the fusion tem- 

. pfrature or true n citing jioint is much less marked. 
This is due t<t the l6w fhepnal conductivity of the 
nfaterial (p. 1which maljes it extremely difficult 
- almost impossible- tq obtajn the true melting 
point of a whole firebrick. The impurities in the 
bricks also tend to combine with the silica and 
alumina present and to form fusible compounds, 
each having a different melting point. Consequently 
a lireclay brick has no sharply defined melting point 
like that possessed by pure crystalline compounds, 
but has instead a long “ range of fusion." 

Care should be taken not to employ the term 
“ melting point " or “ fusibility " when referring to 
the refractoriness of a brick or other refractory 
material. 1 

Chemical Composition. 

The chemical composition of fireclay bricks corre¬ 
sponds very closely to that of the clay of which 
they an' made. The most noticeable difference is 
the absence of "loss on ignition" ard a slight 
reduction in the amount of soda and potash present. 
The term “ loss on ignition." as its name implies, 
is the loss in weight wInch, a small quantity of 
finely-ground material undergoes when heated to 'a 
temperature of ultwul '!•()(•' C., i.e. to the lull heat of 
a Bunsen burner. This treatment dpeohiposeti the 
clay, causing it to evolve water as one of the products 
of its decomposition. At the same time, any car¬ 
bonaceous matter is expelled, any carbonated are 
either partially or wholly converted into oxides, 
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and M«nu“ of the sulphides,inay he foifrrtcd into 
oxides or sulphates. 

The slight lot* cjf sotlj aid |7ot«slr*usually aceoni- 
pi^iied by a slight loss # of siliea. is due to the parfial 
volatilization of tljgse materials* when the hrieks 
a/e burned in the kiln. If the same bricks are 
examined after prolonged use at a still higher 
temperature than that it which they were burned, 
a* further loss of soda, potash and silica will be 
observed, though this is sometimes counterbalanced 
bv the absorption of similar materials from tin- 
contents of the furnace. 

The chemical composition of a lircclay brick shows 
it to consist of from»tio to so per cent of silica ; 20 
to ,'tfi per cent of alumina ; I to 2-."i per cent of 
ferrie oxide : , H-.i to la per cent iff lime; tin to 
0-7 per cent of magnesia : and I to 2 per cent of 
potash and soda. These variations are due to the 
differences in the composition of the fireclays used. 
It will generally be found that fireclay bricks which 
show more than an per cent of silica on analysis, 
contain a* considerable proportion of free silica, 
though very few British lircclays (other than cjfina 
clay which is not usually regarded as a lircclay) 
contain i^s little as nujicr cent of silica. whirl* would 
lie expected in a brick made wholly of true clay. 

The ehft-f use of a chemical analysis of a fireclay 
briiffe is to show the proportion of the various 
impurities*present. but as these are generally in the 
fowii of compounds, a very careful study of the 
anaMical figures is necessary to obtain a reasonably 
accurate estimate. Thus, it is usual tti stipulate 
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that fireclij*'\)rickB ot, first-class quality shall not 
ephtfciis more t^artthft following percentages of the 
materials menfiapcd— t p 

Lime (CaCU . .1 per cent , *' 

Magnesia (MgO) . . 0-6 „ 

Iron Oxide (Fe,0,) . 2-5 „ ' 

Soda (Na,0) and Potash (K.O) 2 „ , 

According to the Standard “Specification issued 'by the 
United States Bureau of Standards in 1914, if the molecular 
formula is calculated from the results of analysis, the total 
number of molecules of lime, potash, magnesia, soda and 
iron oxide should not exceed one-fifth of the number of 
molecules of alumina. With an average fireclay brick this 
is roughly equivalent to a declaration that the sum of the 
percentages of all the oxides mentioned should not exceed 
4*6 per cent. 

Fireclay bricks to be used under conditions which 
do not call for extraordinary refractoriness ulay 
contain notably large proportions of these oxides 
and still prove quite satisfactory in use. 

The most obvious impurity in fireclay bricks is- 
fayalite (2 FeO Si0 2 ) an iron silicate which is formed 
by the oxidation and eventual siliclfica&on of the 
pytjtes in the fireclay of which the bricks are made. 
The fayalite or analogous compounds, forms black, 
slag-like spots irregularly distributed through the 
bricks. If the total quantity present does nert. 
represent more than 2-5 per cent of ton oxide 
(Fe t O|) its effect on the durability am} usefulness of 
the bricks is practically negligible. Owing to the 
fact that this black silicate contains only 72 .per 
cent of iron oxide, and that it is widely distributed, 
most fireclay brioks appear to contain a muol\ huger 
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proportion of iron compounds than if%dtually the 
ease. Consequently, suc|| brick* should nwvef Tjp. 
condemned solely jm aqcolnt*of»ypir appearance. 
Foa instance, the Gleijboig bricks are among the 
most refractory lireliricks giade i«f this country, yet 
thej are highly discoloured by spots of complex 
silicates* 

Home analysts have endeavoured to calculate tho com¬ 
position of a fireclay brick from that of the clay of which 
it was made. Such a calculation ran only be approximately 
correct, and occasionally it is seriously in error as the 
losses in burning are greater than anticipated. 

Mineralogical Competition. 

The mineralogical composition—sometimes termed 
the proximate, composition —of a fireclay brick can 
only be estimated in a comparatively rough manner, 
as the greater part of the material is amorphous 
and cannot be positively identified with any definite 
mineral. The so-called “ rational ” calculations, 
based on a chemical analysis and assuming that all 
the potash anS soda are present as felspar, any 
remaining alumina is present as clay, and dpy 
surplus silica is*in the free state, are interesting and 
sometimqp helpful, bqt they are at the best, <nerely 
■ihgenious guesses at the nature of the materials 
present afld occasionally they «re seriously mis¬ 
leading. In /nost cases, they are better avoided, 
except by* those who are well trained in their use 
and limitations. 

When rightly applied, the proximate composition 
of f brick shows the nature and proportion of the 
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impuritial pVesent in,a clearer manner than the 
.p&s&lta of an ordinary phemical analysis, as the 
various minef-ais«ate txpressei} in terms of the 
abtual substances present, apd not as the equivalent 
oxides. Thus, iV is easier fnr many people to 
appreciate the composition of a material statecf r to 
consist of— 

Clay . .82 per cent. 

Chalk .... 11 „ 

Quartz 7 „ 


100*00 


than if the results of its analysis are expressed as— 


Silica . 

/ . 4*9 

per cent. 

M 

Alumina 

. 32-8 

Calcium oxide 

. 8-0 

** 

Carbon dioxide 

. P-0 

M 

Other oxides . 

. 0-7 

H 

Water 

. 10-0 

»» 


100-0 



In order that the proximate or mineralogioal 
composition shall be accurately Expressed, it is 
necessary that the proportions of the various 
minerals actually present shall have been ascer¬ 
tained. with a fair degree of accuracy, ptherwise, 
as previously explained, the results may be seriously 
misleading. » * 

The identification and determination of the various 1 
minerals is a slow and tedious piece of work and 
can seldom be carried out completely, as some of' 
the minerals are in the form of such minute particles • 
that thoif identity cannot be recognized. This is 
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particularly the case with “ burned which 

forms by far the mint jpnpdttaffit ^constituent? 8f 
fireclay bricks. 

Seme of the more ea§i\y distinguishable minerals 
in fireclay bricks can be identified by means of a 
microscope, using the methods described in the 
text-booBs on petrology. The proportions of the 
greater part of the impurities in fireclay bricks 
cahnot be definitely ascertained in this way, owing 
to their wide distribution and the indefinite char¬ 
acters which they possess. For this reason, the 
removal of impurities from fireclays is often 
extremely difficult. 

One of the most infportant of the minerals which 
can be recognized in properly burned fireclay bricks 
is sillimanite, which contains 03 per cent of alumina 
and 37 per cent of silica. The crystals of sillimanite 
can easily be separated from the amorphous material 
by treating suitable sized fragments of the bricks 
with hydrofluoric acid; this dissolves the calcined 
clay, free silica and various silicates yet scarcely 
attacks the*sillimanite, which is left behind in the 
form of minute lath-like crystals. 

( Sillimanite ha* a melting poiijt of 1"850° C. and is, 
therefore , m highly refractory. The felted mass of 
cfystals which it forms ( in firebricks is also particu¬ 
larly resisf&nt to Budden changiA in temperature. 
It is bnly forippd at temperatures exceeding 1200° C. 
and its presence in considerable proportion is, there¬ 
fore* an indication that fireclay bricks containing it 
'have^ieen well burned. It is entirely absent from 
seriqpsfy under-burned bricks. 
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Quartz*Mt* one of the other forms of free silica „ 
*-#5s*usfia]]y preperA irf fireflay' bricks and can readily 
be identified f>y,4xamiiiing a section of the brick, 
about one-thousandth of p? inch thick under Ahe 
microscope using polarized light? The quartz crystals 
are then clearly visible against an almost black 
background. 

. 

Other minerals present in fireclay bricks occur in such 
small proportions that they are outside the scope of this 
book. Readers who wish for further information should 
see any good book on petrology, or the author’s work on 
Refractory Materials ; their Manufacture and Uses (Griffin). 

The proximate composition of fireclay bricks 
corresponds to an agglomeration of particles of 
“ calcined clay,”* quartz, a little cristobalite (p. 35) 
and, in the best bricks, a notable*proportion of 
felted crystals of sillimanite (p. 19). All these 
materials are united by a glassy or slag-like matrix 
composed of calcium, magnesium, sodium and 
potassium silicates, aluminates and alumino-silicates 
with a complex iron silicate resembling fayalite. 
The glassy matrix increases in quantity and fluidity 
ae^he temperature of the bricks rises above 1300° C., 
and it gradually attacks the more rtjfractory quartz 
and ‘i calcined clay,” and dissolves theqi. If the 
heating is prolonged sufficiently whilst the increase, 
in temperature continues, the whole of the material 
present will be converted into a viscoqp molten glass 
or slag, but under normal conditions so extensive a 
change never occurs. The reactions which result 
in the formation of the glass are arrested by the 

• The precise nature of calcined clay is not certainly known. 
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cooling of the furnace or ty other Sfbatks before 
they are completed, but m all ufell-bumed fredtfjf 
bricks a variable 1 , yet eqpity refcog^Sd, proportion 
of 4he glassy matrix ig ^present and it gradually 
increases in amountsthe longer tNb bricks are used 
atj^high temperature. 

Crushing Strength. 

When fireclay bricks are subjected to a compres¬ 
sive stress sufficient to crush them they crack and 
then fall to pieces. If well-made and of good 
material they will withstand a pressure of at least 
1,800 lb. per pq. in. applied to one end of the brick, 
when the latter is placed with its long side in a 
vertical position. The crushing strength is seriously 
reduced by flaws in the texture of the brick and by 
apjflying the pressure to the heated brick (see next 
section). As most firebricks have ample strength 
when cold, there is very little to be gained by 
determining the crushing strength of cold bricks, 
but their resistance to pressure when heated is very 
important. 

Effect of Pressure at High Temperatures. 

• • 

When iyreclay brick# are heated and at the* same 

time subjected to a load or pressure, the temperature 
at which they lose their shape is*much lower than 
whefi they* arp quite free. Thus, if they are sub¬ 
jected to a*downward pressure of 50 lb. per sq. in., 
eves the best fireclay bricks will lose their shape at 
a temperature of about 1350° C., whilst those 
madp qf less refractory clay will be distorted at a 



mnoh lo4ef temperature. The American Bureau, 
•flf Standards has,Th0refqfe, specified that first-class 
or No. 1 gradJ fireclay* bijcks qjuril not show any 
slrious deformation when, Ijeated 1350° C. under a 
pressure of 301b* per sqi in., end that second-class 
or No. 2 grade fireclay bricks shall not show, any 
serious deformation at 1350° C. under a pfbssure of 
25 lb. per sq. in. 

Shrinkage on Reheating. 

When fireclay bricks are exposed in use to a 
higher temperature than that at which they have 
been heated by the manufacturer, or when such 
brioks are subjected to prolonged heating at almost 
any temperature above 1300° C., they tend to shrink 
or contract. In some cases, the effect of this shrink¬ 
age is very serious and may cause the collapse of 
the structures in which the bricks are used. This 
defect may be largely avoided by using only bricks 
which have been burned at a sufficiently high 
temperature, though this is not sufficient in some 
oqpes, such as roofs or crowns of furnaces which are 
continuously maintained at a temperature above 
1400° C. For such structures the bricks employed 
should, be made of silica of some othet material 
which does not shrink in use.* For all otljer purposes 
it is usually sufficient that the bricks shall not shrink , 
more than ^ in. when reheated to 14^0° C., and 
maintained at that temperature for two hours. 

The Standard Specification of the Institution of Gas 
Bngineefs requires that No. 1 grade fireclay brifka. shall 
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not shrink more than 1 per cent,and No. 2*firsts fireclay 
’bricks not more than 1-25 per cent yrhAi heated to Qone M 
(1410° C.) for two hours *ifid V nyiiipsined at that* 
^emnerature throughout t ho testing periadL" 

Effect o! Changes in* Temperature. 

Jiffeclay bricks are remarkably insensitive to 
sudden* changes in tempvature, especially if they 
ar^ sufficiently porous. This constitutes one of the 
valuable characteristics in which they are greatly 
superior to silica and magnesia bricks. The only 
refractory bricks which are less sensitive than fireclay 
bricks to violent changes in temperature are those 
made of kieselguhr (wljich are usually less refractory) 
and bricks containing an exceptionally large propor¬ 
tion of felted sillimanite crystals ; thedatter are not, 
at present, on the market and are very costly to 
produce. 

Other Properties of Fireclay Bricks. 

Among the other properties of importance pos¬ 
sessed by gaod fireclay bricks are the emission of a 
clear ringing note when struck, their hardness afifr 
resistance to abrasion, their toughness and resistance 
to’ shocks^ and blows, and their remarkably low 
power of conducting heat and electricity. Their 
resistance to heat and their chief usefulness in 
industry arl largely due to their low thermal conduc¬ 
tivity which enables great heat to be developed and 
verjfc high temperatures attained in furnaces and 
otherttructures built of fireclay bricks. The specific 
heat .o^ fireclay bricks is also very low bift rises at 

3 —( 5378 ) 
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higher temperatures. ,The resistance of such lirieks 
(fo'aeiils is also important in some industries. 

Summary. 

„ n 

For most purposes where firebricks are required 
those made of lireelay are the most generally suitable. 
Bricks made of other materials have special proper¬ 
ties which are superior fo. certain purposes, hut for 
general use. well-made lireelay lirieks can usually lie 
relied upon. For flirt her particulars respecting their 
uses see ('hupter VI I. 

(IBOd BBICKS 

For many years in (lerm.Miy and Scandinavia, 
and to a smaller extent in other countries, furnace 
linings have lieen eonstrueted of ;/or/ or rhiiiiinllr 
brickx. These lirieks are made chicllv of firitday 
which has previously lieen healed to a temperature 
of at least 12(1(1 ('., after which it is examined and 
the obvious impurities removed. The remainder of 
the material termed " grog " or " chamotte " is then 
ground to a coarse powder, mixed w'itli day or other 
suitable binding agent and made into lirieks. 

The chemical composition of grog lirieks does not 
differ greatly from that of lireelay bricks made direct 
from raw clay, though the previous calcination of 
the clay in order do form grog causes the volatiliza¬ 
tion of some of the soda and potash, and thus‘tends 
to produce a slightly more refractory material. 

The chief advantages possessed by grog b r icks 
are their greater constancy of volume wInn re¬ 
heated-and their greater resistance to abrasjon and 
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corrosion. These ndvantape~,arc all (lm"t«*tlic grog 
ha vine been calcined at a ^iithf ient ly high tcftipi'ra, 
turc before it trtt-^ mad* ilit.> bfie^T. ami tn the 
Tin 'ities offered fur niajjitje erne bricks nf partii-l"s 
of fully hurtled mati rial oh carefully selected sizes. 
Tlw' latter I' ipiite iui|inssih|e when raw tireelay is 
Used as fnnst of the particles in it are extremely 
small and are. to that c'flcnt. inferior to the large 
particles obtainable when grog is used 

For these reasons, groe bricks are superior to tire¬ 
elay brick- in refractoriness, texture, and durability. 
They shrink less in use. yet hate all the other 
desirable properties of tireelay bricks. 

till the other liamfc they cost more to produce 
been use of the preliminary calcination of the elay 
needed to produce the grog Apart from their 
tcxtlire the\ are dillieiilt to distinguish from tireelay 
bricks and the '.mie speeitieat ions are equally 
applicable to both 

Some grog bricks hate the disad t ant are of being 
rather more porous than bricks made wholly from 
raw lireclat* and may therefore be more rapidly 
penetrated by slap's, etc. Some also hate rattyfir 
less •riishinj' strtngth. but tliij only occurs when 
the bimliyg elay is diilieient in quantity or lias u 
-Jiort ranpe of t itritieatiou. 

Careful (tuiiparisons between The behaviour of 
grog Wicks'anJ that of bricks made soli ly of fireclay 
have id ways shown the practical superiority and 
"greater durability of prop' bricks, but they are only 
*i's(‘d fli a limited extent on account of their greater 
cost.. 
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Some,infcnufactures8 add a email proportion of 
',^rOg (in the form of broken firebricks) to the clay 
used in the b^mifacture 4 of fiqeday bricks. Such 
A 1 addition does little mijre than slightly redude 
the shrinkage. There is no control of the' size of 
the particles of brick which are mixed with the cWy, 
and there is a tendency to grind it too fine. The 
term “ grog bricks ” sho&ld not be applied to fire¬ 
bricks containing less than 50 per cent of grog; 
the best grog bricks contain 80 to 85 per cent of 
this material and 15 to 20 per cent of a highly 
plastic clay. 


SILL1MAN1TE BRICKS 

Recently, firebricks have been made from natural 
sillimanite and also from an artificially prepared 
material of similar nature. They are too “ new ” 
for a definite opinion to be expressed as to their 
commercial value, but the experiments already 
made with them suggest that they will be superior 
to grog bricks. They are, at present,*chiefly used 
i/i the glass-making industry (see also p. 41). 

FLINT-CLAY r BRICKS 

Flint-clay bru&s are largely made *in America 
from a very hard refractory clay yhidh does not • 
occur in this country. They are similar to grog 
brioks, the flint-clay being used instead of grog 
its partioles are cemented together by a plastic 
binding 61ay. Flint-clay bricks contain no “ flints." 
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SILICA BRINKS 

Silica bricks, a^ their n^ml iiftpljesf are composed* 
Xwjfly of silica amf are usually mtfire of quartz or 
quartzite rocks, pebbles*of stands. • These materials 
arq%rushed, if necessary, mixed with either clay or 
lime ’as » binding agent and water, and are then 
moulded or pressed into biicks which ate afterwards 
dried and then burned at a temperature of from 
1300° C. to 1500° C. Silica bricks are extensively 
used in the construction of furnaces and are em¬ 
ployed for the same purposes as fireclay bricks. 
They differ from the latter in expanding instead of 
contracting when in u#e, in being much more sensi¬ 
tive to sudden changes in temperature and in several 
other respects. t Silica bricks (especially those known 
as • Ganister bricks ”) are particularly used in 
steel-making furnaces and in coke-ovens, but 
their other uses are as varied as those of fireclay 
bricks. 


Colour. 

The colour of silica bricks is a pale yellow or bqff, 
varying in parts to dark brown %nd accompanied by 
spots of £>lack slag-like material formed by the 
cotabination of iron compounds and silica in the 
brick. WhSn examined under a Magnifying glass, 
the bHcks are seen to b* composed chiefly of colour¬ 
less transparent grains of crystalline silica, together 
with« small proportion of opaque and dark-coloured 
Materlhl representing the impurities in the bricks 
(see p, J3). 
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Shape. 

: * ' • i 

* Silica briefer age •sinlilar in shjpe to all other 
fiiebrioks, though the thick‘bricW ore not bo comnipsr' 
as thinner ones. .The spates f of the bricks^should 
be reasonably smooth, free from obvious flaws, 
“ winding ” and other irregularities. Accuracy of 
shape is equally as important as in fireclay' bricks 
(p. 6). Silica bricks tend to twist or warp in $e 
oourse of manufacture so that it is important, when 
purchasing them, to fix a limit (such as -ft- in. per 
9 in. briok) for the maximum amount of distortion 
wkioh will be accepted. 

Brioks having crazed, cracked, or fractured faces 
should not be used for important work. 


Dimensions. * 

Silica brioks are usually 9 in. x 4jin. x 3 in., 
2} in., or 2 in. They should not vary from these 
dimensions by more than 1^ per cent in the length 
or 2} per cent in width or thickness, these being the 
limits imposed by the Standard Specification of the 
Institution of Gas Engineers. In the United States 
the maximum variation usually permitted in specifi¬ 
cation is -fa in. in the length, of the brick.or 0-7 per 
cent. For acourate work ,in important fumaoes, 
coke-ovens, etc., it is customary in the United States 
to finish silica bricks accurately to size by grinding ' 
them just prior to delivery. Consequently, a greater 
accuracy is obtained than in this country where the 
surface of the bricks is not destroyed by* suoh*' 
treatment. 



Texture. 

Most English silica brinks are* of much eoarsCj. 
texture than fireel^y brigks'anS can*be seen, under 
%V.m a magnifying glass^ to consist of grains t>f 
silica United together T>y cl glassy matrix. These 
giauis vary in size from J in. to “ dust,” the majority 
being pbbut A in. (0-025 in.) diameter. Where pos¬ 
sible the largest sized particles should not be more 
than $ in. (0-125 in.) diameter. In perfectly made 
silica bricks the grains are so arranged as to form, 
with the matrix, an impermeable mass, but few 
silica bricks attain to this ideal, and most of them 
contain a considerable proportion of interstices 
between the solid particles (see Porosity, p. 30). 

The texture of silica bricks has an important 
influence on their resistance to abraSion and corro- 
siofl. If the particles are too large they tend to 
leave excessively large hollows when they are torn 
out by abrasion, or when they fall out as a result 
of the removal of the matrix by corrosion. Exces¬ 
sively fine particles, on the contrary, offer too little 
resistance to slags and other solvents and in this 
way reduce the durability of the bricks, though 
minute particles tend to produce Bricks of much 
greater yiechanical strength than those composed 
chiefly of larger particles. Silica bricks are more 
affected tifhn fireclay bricks by Corrosive slags and 
fine* dust* ^hey are rapidly attacked by basic 
materials, * with the formation of readily-fusible 
compounds. Thus, a silica brick placed on a 
magfteeia brick and the two being heated in a 
furpp^e will result in serious damage to tibth bricks. 
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Silica bdpk^ have alqo a very low resistance to, 
.abrasien and, therefore, should not be exposed 
more than nebbssary to* ttys action. 

•The most important effect of small partiohC 
however, is the nipidity»with which they facilitate 
the conversion of quartz to tridymite and cristobaW 
respectively. This change is essential to the produc¬ 
tion of silica bricks of the highest quality for, in 
proportion to the extent to which it occurs, the bricks 
remain more nearly constant in volume when heated. 

The form in which crystalline silica usually occurs 
in nature is that of quartz, and when this is heated 
to a sufficiently high temperature (at least 870° C.) 
for a sufficient length of timer, it is converted into 
cristobalite or tridymite according to the conditions 
under which th'e heating occurs. The, changes which 
quartz undergoes on heating and cooling are tfery 
complex, several varieties of quartz, tridymite and 
cristobalite being formed.* The chief feature of 
these changes is an increase in the volume of the 
silica which reveals itself in an expansion of the 
bricks during their burning in the course of manu¬ 
facture. If the conversion of quartz into tridymite 
or cristobalite ill not complete, the bricks will continue 
to expand when in use (see Expansion, p. J7), often 
with disastrous consequences to the structure in. 
which they are employed. 

Porodty. 

Most silica bricks have about the same porosity 

* 

• For a detailed consideration of this subject see Refractory 
Materials ,v Their Manufacture and Uses , by A. B. SearR.,. 
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os fireclay bricks, but those projUnjed lay "different 
firms vary so greatly that* |o ^ener^ statenfent on' 
Ihe matter is of \nnch value. Wt§* drawing up^a 
ejteifig^tion it is usually satisfactory to demand at 
leapt 12 per cent by tolumfi or 6 per cent by weight, 
affor fireclay bricks (p. 12). 

Vdume-Weight and Apparent Density. 

This varies very greatly so that no definite figure 
can be given. It is, however, usually rather less 
than that of fireclay bricks (p. 12). 

True Specific Gravity# 

One of the most convenient indications of the 
extent to which silica bricks have been properly 
burned, and of the proportion of the quartz con¬ 
verted into tridymite or cristobalito (p, 30), is the 
true specific gravity of the bricks. This is estimated 
by grinding a portion of a brick to a fine powder 
and determining its specific gravity. 

Quartz has a specific gravity of 2*653 

Tridymite.%»23 

Cristobalito.2-318 

The tnife specific gravity of the material is approxi¬ 
mately proportional to*the percentage of unaltered 
quartz present. Thus, a silica brick with a specific 
gravity of can be relied’upon to contain at 
least 40 per cent of unaltered quartz.* 

• THb percentage of unaltered quartz may be found by de¬ 
ducting 2*32 from the specific gravity of the »mple and 
multiplying the result by 300. 
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Befractorb^K. 

Silica brick* unfl.de of the best materials have a 
refractoriness cbi responding to Cones 34 or 35, W' 
the Specification <of the Jlislitu^e of Gas Engineers 
(which is commonly accepted as the standard in 
this country) only demands a refractoriness equal to 
Cone 32 for bricks containing at least 92 pdr cent 
of silica or to Cone 29 for “ siliceous ” briqks 
containing from 80 to 92 per cent of silica. 

As silica cannot be made into bricks without the 
presence of a binding agent, present as a natural 
impurity or added purposely, silica bricks are always 
slightly less refractory than tlje silica of which they 
are chiefly composed. The refractoriness is deter¬ 
mined as described on p. 2. For the effect of 
pressure on the refractoriness of silica bricks.(see 
p. 36). 

Melting Point or Fusibility. 

Very minute particles of silica melt at 1470°*C., 
and larger particles at about 1600° b., whilst pieces 
of,$ in. or more in diameter do not show any signs 
of fusion below 175(1° C., except oh very prolonged 
heaticg. This difference is due to the loy thermal 
conductivity of silica which, makes it very difficult 
for heat to penetfote a mass of the material. For 
this reason, silica bricks can be usqd in furnaces, 
the contents of which are at a temperature from 
200° to 250° C. above the true melting point of' 
silica. If a silica brick be heated on all side? for a* 
sufficiently long time its fusibility approaches its 
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true melting point, but the •ircugMtan<*s»tn which 
silica bricks are usually eijiplbyed do not ^>erm*V 
complete fusion *tq occur. 

DhemiOhl Composition-' 

4 perfectly pure silica brick could only exist if it 
were gia&e by casting fused quartz or by sintering 
together particles of sillba without the use of a 
bihder. When bricks are made, as is the customary 
manner, by compressing small particles of wet 
silica in a mould or press, it is necessary to have a 
binding agent present in the bricks or they would 
fall to pieces when heated. The two binding 
agents of chief importance are : (a) plastic, refractory 
clay ; and (6) liine. When clay is used a consider¬ 
able proportion is required, as described later (see 
SerHi-silica Bricks, p. 39), but 1.} to 2 per cent of 
lime is equally effective and has a far less effect on 
the chemical composition of the bricks. Silica 
bricks bonded with lime have a chemical composition 
corresponding very closely to that of the silica rock 
of which they are made, plus 1 \ to 2 per cent of lime 
added as a binding agent. The figures showi^n 
Table II on pajfe 34 are typical. 

The maximum proportion of “ impurities ” permis¬ 
sible is not usually specified, though it is customary 
to require that there shall not b! more than 2 (or 
in some case%3) per cent of lime. The most con¬ 
spicuous iiftpurity is the complex iron silicate which 
produces the dark brown patches and black spots 
in silica bricks, and originates in the iron pyrites 
(ferric, sulphide) present in the raw silica. In a 
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IUbAe II. —Analyses or Silica Bricks.* 


i 

f 

dSorljahifo. 

kSirham. 

N, Wales. 

Ganister. 

«• 

Silica 

Alumina . 

Iron Oxide 

Lime 

Magnesia . 
Potash! 

Soda { 

0/ 

/o 

94-9 

1-52 

1-34 

1-90 

Trace 

0-55 

0 / 

0-45 

M2 

0-80 

Trace 

*0-39 

% 

95-74 

1-08 

0-54 

1-32 

0-28 

0-87 

%*- 

*6-88 

0-80 

0-60. 

, 1-45 

«3-02 

0-25 

* 


• “ Special Report XVI on the Mineral Resources of Great 
Britain, p. 55. 


chemical analysis the iron in this compound is 
inoluded in the ferric oxide or, iron oxide and most 
specifications and descriptions of silica bricks deal 
with it as thotigh the iron were all jn the form of 
oxide. The limits of composition of silica bricks 
are usually from 95 to 98 per cent of silica ; 0-6 to 
2-76 per cent of alumina; 0'3 to 1-25 per cent of 
iron oxide; and 0-2 to 2-1 (usually 1 to 1-5) per 
cent of lime. The percentage of iron oxide shoqld 
be sufficiently low not to prove detrimental to the 
bricks, above 2 per cent being usually considered 
excessive. 

Mineralogical Composition. 

The most impoHant minerals present in silica 
bricks are quartz, tridymite and criqtobalite with 
a much smaller percentage of wollastoilite in the 
form of a oomplex glassy calcium silicate (silioate 
of lime). *' 

The quaVtz, tridymite and cristobaiite are ..three 




SILipa^RICKS 




different forms of pure crystalline SdiJa readily 
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optical propertisB $nd particular^ pjr their respcc- 
we refractive, indices,* ljhich arc: quartz, 1-S6; 
tridynote, 1-477 ; a*id cnAobalit#, 1-484. 

•Quartz is usually observed as fragments of hexa¬ 
gonal^ crystals, readily visible in polarized light; 
tridymite as needle-shaped crystals ; and cristo- 
balite as minute plates. As explained on p. 30, 
the best silica bricks are those in which the largost 
proportion of quartz has been converted into one 
or both of the other forms which are more stable 
at high temperatures, this conversion taking place 
most rapidly in brick* composed of minute particles 
and with a moderately large proportion of molten 
or glassy silicate. As it is undesirable (on account 
of its effect on the refractoriness) for silica bricks to 
contain more than 2J or 3 per cent of lime (and 
usuallythese figures are excessive), the total propor¬ 
tion of fusible silicate in a first-class silica brick 
cannot exceed 6-2 per cent. 

The other minerals present, with the possible 
exception of iron silicate (p. 33), are usually 
unimportant. 


Proximaft Composition. 

Silica brfbks may be regarded Js composed of an 
agglomeration of particles of silica (in the forms of 
quartz, tridymite and some-cristobalite) united by 
a glassy matrix containing calcium, magnesium, 
sodhffn and potassium silicates, and a complex iron 
siligyJie If clay be present, the matrix* may also 
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contain.nmmina^es and' alumino-silicates of the, 
•petals mentioned. ‘A f eft adventitious particles of 
other mineral^, ate usually present, but are of no 
shrious significance. 

The effect of prolonged heating on this agglomerate 
is similar to that on fireclay bricks (p. 20) except 
that, the particles of silica being coarser,' tjjey do 
not undergo corrosion artd fusion so rapidly, until 
their critical temperature (about 1470° C.) is reached, 
after which they dissolve fairly rapidly in the glassy 
mixture of silicates. 

Crushing Strength. 

Silica bricks owe their strength principally to the 
complex glassy silicate which binds the particles of 
silica together. When cold, the normal crushing 
strength should not be less than 1,800 lb. per stf in., 
and except in the case of obviously underfired bricks 
there is little reason for determining the crushing 
strength of cold silica bricks. 

Effect of Pressure at High Temperatures. 

,«When silica bricks are heated under a pressure 
of 60 lb. per sq. in., they retain their shape until a 
temperature of about 1470° C. is reached when they 
collapse suddenly. In this respect they differ from 
fireclay bricks which yield gradually under the same 
conditions and so give a better warning of their 
impending failure. On the other hand, the fact 
that silica bricks can withstand a somewhat higher* 
temperature when loaded is often an advantage in* 
fumacei obstruction, etc. (see Reheating, p. ,22). 
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Expansion on Boheatini 

Unless they have been ^rryuiarly well (Turned 
silica bricks will‘expand* when rented to a suffi- 
^foitlWiigh temperatuijp., This expansion is due to 
the^conVersion of sotne of fhe unaltered quartz into 
one of the other forms of silica (p. 30) and it is 
liable ^o* cause serious damage to the structure in 
which the bricks are usecP 

fllie Standard Specification of the Institution of 
Gas Engineers only imposes a mild test, namely, 
that when a piece of brick 4J in. Hquare is heated 
for 2 hours at a temperature corresponding to 
Cone 14 and then cooled, it shall not have expanded 
more than 0'75 per‘cent of its length. In the 
corresponding specification of the American Gas 
Institute it is stated that the brick “ when reheated 
undflr a load of 25 lb. per sq. in. to 1500° C. and 
maintained at this temperature for 1 £ hours ” (and 
then allowed to cool during not less than 10 hours) 
“ shall not show a permanent swelling above 1 per 
cent or any vitrification or other deterioration.” 

Sensitiveness to Temperature Changes. 

Silica bricks are very liable to spaTl if heated'or 
cooled suddenly, or if, a current of air is allowed 
tp play on the hot bricks. Indeed, this sensitiveness 
to sudden changes in temperatuA is one of their 
» greatest drawbacks. It appears to be an inherent 
property and though it is lees* noticeable in bricks 
•with, a small proportion of unaltered quartz, even 
♦he best silica bricks show considerable sensitiveness, 
particularly on cooling. 
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On a&oomt of their tendency to spall and flake 
r Silica bricks should not hf used where they are likely 
to be expose^ to suddei\ change in temperature, 
fn furnaces, etc., where they are maintained 
fairly high temperature constantly, this objection 
does not apply and silica bricks are often used igith 
advantage. 

4 

Other Properties of Silica Bricks. 

Among other properties of importance possessed 
by silica bricks are the clear “ ring ” they emit 
when struck, and their hardness and resistance to 
blows. Their power of conducting heat is appreci¬ 
ably greater than that of fireclay bricks (p. 23), 
though sufficiently low to make them of great value 
in the construction of furnace linihgs, etc. They 
are regarded as superior to fireclay bricks for the 
construction of coke-ovens, as their slightly higher 
thermal conductivity enables the coking of the 
coal to be effected more rapidly and with slightly 
less expenditure of fuel. The specific heat of silica 
tyricks is slightly higher than that of fireclay bricks. 


Summary. 

Silica bricks are extensively used for the roofs pf 
furnaces and fol other parts of these structures 
where the temperature is fairly constant and- they 
are not unduly exposed to corrosion or abrasion. 
As they tend to expand in use, arches and /oofs 
made of silica bricks are less liable to collapse tha& 
those cadde of fireclay bricks (which tend to shrink). 
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,The chief disadvantage of «ilic) bricks mb their 
tendency to spall or flake V^ert suddenly herited of.* 
cooled. For further particulars 'yjppecting their 
SSfes see Chapter VJ1 

SEMI-SILICA BRICKS 

Brians *made of a mixture of silica and clay are 
known as “ semi-silica ’* or “ ganister ” bricks. 
When the proportion of clay is very small, and the 
wet material is self-binding, it is commonly known 
as “ ganister ” (p. 02). and the bricks as “ ganister 
bricks.” Bricks containing a larger percentage of 
clay (though not necessarily as much as 50 per 
cent) are usually teamed “ semi-silica bricks ” ; 
they may be made from natural mixtures or from 
those prepared artificially, such mixtures being 
groufid, wetted and moulded or pressed into bricks 
which are then dried and burned at a high 
temperature. 

In their general'properties, ganister bricks resemble 
siliea bricks bonded with lime (p. 33), whilst semi¬ 
silica bricks*are intermediate between fireclay and 
silica bricks, and have the advantage of be^lg 
almost constant In volume whep reheated. This is 
due to ttys effect of the shrinkage of the clay being 
neutralized by the expansion of the silica. The 
addition of Silica to a refractory flay often reduces 
its refractoriness considerably v though if the clay 
is of low refractoriness the addition of silica may 
*rais» its softening point. 

* Senfi-silica bricks are also capable of bearing at 
higtyteptperatures a load which is greater than that 
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which tireclky bripks oan support, though less than 
".that Which pure silick ly&ks can carry. 

Semi-silica bricks are attacked by slags, etc., in a 
manner similar to silica pricks. 

Ganister bricks are extensively employed' in the 
furnaces used for making steel, whilst semi-silica 
bricks are chiefly employed where constancy of 
volume is the first consideration.* 

ASBESTOS BRICKS 

Refractory bricks are sometimes made from a 
mixture of fireclay and asbestos, in the proportions 
of 2:1. Sawdust is also added, when it 4 s desired 
to make very light, porous bricks of higher heat- 
insulating power than the denser bricks. Such 
light bricks are very useful for partitions, etc. but 
they are not resistant to slags and abrasion from 
which they must be suitably protected. 

KIESELGUHR BRICKS 

Light refractory bricks are also made by mixing 
kieselguhr or diatomaceous earth (a natural deposit 
of the siliceous skeletons of minute plants) with 
firecley. These bricks are extremely light and 
porous, and fairly refractory so that they are 
especially useful where these qualities are required, 
but they are readily attacked by slags and easily 
abraded so that they cannot be used in furnace 
linings without protection. 

» 

* For further details see the author’s larger work, Refractory 
Material; their Manufacture and Usee (Griffin). 
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Fireclay bricks and grog brisks may cont&in 36- 
jjer cent of alumifia* but fcir more highly aluminous 
brtfcks^yhite bauxite orgofic other form of alumina 
mufjj; be*used. As alumina has a'melting point of 
2060° C. it is more refractory than fireclay, but being 
quite devoid of plasticity it requires the addition of 
a binding agent, fireclay lining usually employed for 
thlh purpose. One firm in this country has, for 
some time, manufactured highly aluminous brickB 
from an unusual material found in Ayrshire, 
Scotland. 

Bricks ^nadc of fireclay and bauxite are not so 
refractory as bauxite Bricks which do not contain a 
clay bond, but they arc stronger. 

Corundum Bricks. 

Owing to the exceptional hardness ami refractori¬ 
ness of crystalline alumina (e.g. artificial corundum), 
brkjjks made of this material should be extremely 
refractory aqd resistant both to abrasion and corro¬ 
sion. Unfortunately, the cost of corundum and the 
necessity of employing a binding agdnt inferior *to 
corundum in refractoriness, haVe prevented these 
bricks frdtn being used in large numbers. 

ffiUimaaite'Bricks. 

• 

The most*Batisfactory bricks made from a mixture 
of clay and alumina, are those in which the propor¬ 
tions « alumina and silica are the same as in silli- 
maqit6.(p. 19), the natural brick being Imlried at 
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sucn a wniperatufe a»to produce as high a propor-, 
jfion as possible off this mineral. Bricks largely 
composed of qjyistalline sillimanite have now been 
p'iaced on the marketpther bricks offered 'as 
sillimanite are mbde in the United States By fusing 
clay with alumina at a temperature of about 
1400° C., using a blast of air under a pressure of 
3 to 6 lb. per sq. in. The resulting “ sillimanite ” 
is crushed to a suitable size and mixed with highly 
plastic binding clay to cement the non-plastic 
particles of “ sillimanite ” together. It is claimed 
that such bricks have all the advantages to be 
obtained by the formation of crystalline sillimanite 
by burning fireclay bricks at a /ery high temperature. 
They are extremely refractory, constant in volume, 
capable of carrying heavy loads at high tempera¬ 
tures, and very resistant to corrosion. In other 
properties they resemble fireclay bricks but contain 
a much larger proportion of alumina. At present, 
however, the cost of such bricks is almost prohibitive 
(see also p. 20). 

When properly prepared highly aluminous bricks 
afe very refractory and resistant to corrosion.* 

MAGNESIA BRICKS 

Bricks made of crude, dead-burnedf magnesite| are 
extensively used for the construction of basic linings 

* For further information see p. 26; taluo the author’s 
Refractory Materials ; their Manufacture and Use* (Griffin). 

| For an explanation of this term see p. 104. • 

j As they are made from magnesite they are cominonly 
termed magnesite bricks, but they are actually composed of 
magnesia, the change from the carbonate to the oxide being 
effected by burning the magnesite prior to making it intf-lHcks. 
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in furnaces employed in thef manufactnrs’ot steel 
by the “ basic ’’ process. I'hei^ chief characteristics,' 
are their great r£r%ctoriness and d^r resistance to 
sfkgs a basic natui$. ,Most of them are, life 
siliqp bricks, extremely sensitive tf> sudden changes 
in temperature. 


flokrar. 

Most magnesia bricks contain an appreciable 
proportion of iron oxide which is the cause of their 
reddish colour, but magnesia bricks which are 
exceptionally low in iron are a dirty white. If the 
bricks have been ligated under highly reducing 
conditions they may be dirty grey, dark brown, or 
almost black 


Texture. 

Magnesia bricks should have a regular texture, 
the particles being all less than J in. diameter and so 
graded as to fill the interstices without any unneces¬ 
sary voids. *lf the particles are unduly small they 
yield too readily to the corrosive action of silica 
and siliceous slags, but particles which are too 
coarse tepd to produce bricks which are too«weak 
and excessively porous. The particles are united 
by a glassy matrix, usually dark in colour as a result 
of the iron present. 

The effect of acid materials (including silica and 
siliceous slags) is highly oorrosive, and magnesia 
bricks* offer a poor resistance to such substances. 
On iba. other hand, magnesia bricks are not Affected 
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by the basis slags .which are so destructive to fireclay. 
r and silica bricks. ‘ < 

If made of ,,^Mtable and well-graded materials, 
magnesia bricks are highly resistant to a^rasidn, 
but the particle^' should not be too coarse or, the 
gaps left when they fall out of the bricks ore 
serious. 

Porosity. 

Magnesia bricks are usually fairly porous, 20 per 
cent porosity being by no means uncommon. The 
use of temporary binders tends to increase the 
porosity; where the bricks are required to resist 
the action of slags a low porosity is desirable, but 
for resisting sudden changes of temperature a more 
open brick is required. 

The volume-weight or apparent density of magnesia 
bricks is very high. 

Specific Gravity. 

The true specific gravity (i.e. the specific gravity 
of the finely-powdered material) of magnesia bricks 
hi 1 , of great importance as it affords an excellent 
indication as to thp extent to which the burning 
has fulfilled its purpose in converting the .magnesite 
into the mineral periclase. . Magnesite has a specific 
gravity of 3 02, amorphous magnesia 3-0 to 3-2, and 
periclase 3-4 to 3-6. As it is of the greatest impor- 1 
tance that magnesia bricks should contain as large 
a proportion of periclase as possible, it is usually 
wise to discard magnesia bricks with a true Specific 
gravity-of less than 3*3. 
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Refractormeo. 

Pure magnesia has a melting j>oint oi 2ffb0° C., ' 
but most magnSsia brides have ft refractoriness 
corresponding to Cone 42 <2000° C.). 

Chemical Composition. 

Magnesia bricks have a chemical composition 
very similar to that of the dead-burned material 
of which they are made, though the composition 
is affected by the binding agent used, namely, 
caustic magnesia, clay, colloidal silica or a temporary 
bond such as tar, cellulose lye, etc. The figures 
shown in Table III are typical— 


Table 111.—Analyses of Maonkmia Bricks.* 


• ] 

• 

Hungarian. 

_Ji_ 

Styrian. 

Orecian. 


«i 

°« 

».■ 

'O 

Silica 

41*35 

:mo 

216 

Alumina and Iron Oxide* 

0*05 

4HM 

0-72 

Lime . . . . 

2* 10 

3-7B 

4-20 

Magnesia . 

• 

91-52 

80*50 

S3-U3 


* Eckel, Cement*, Lime*, and Pla*ter* (Chapman A Hfjl). 


Mineralogical Composition. 

• * * 

. When properly burned, magnesia bricks should 

contain a large percentage of peridase—a crystalline 
form of tnagpesia, stable at high temperatures, 
which is formed by heating magnesiuih carbonate 
'or magnesia to a temperature of 1450°C. to 1700° C., 
J particularly in the presence of a flux such as 
irojj gxide. Unless they are burned at* % higher 
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temperaWe than is customary In this country, the, 
^proportion of pericl^fee formed is only small, with the 
result that thc^bricks shrink grqntfy and are unduly 
Sensitive to sudden changes in temperature; in 
this respect they resemble silica bricks. „ 

In a very thin section of a magnesia brick the 
vitrified material (“dead-burned magnesia/') ap¬ 
pears under the microscope as a dark coloured 
glassy mass, but periclase, when present, takes the 
form of rounded grains set in a glassy matrix. 

The other minerals present in magnesia bricks 
are chiefly glassy silicates and spinels, which are 
formed by the action of various metallic oxides on 
any silica present and on each other. 

Proximate Composition. 

Magnesia bricks are composed chiefly of a partially 
vitrified mass of crude magnesia containing a vari¬ 
able proportion of crystalline periclase, the particles 
being united by a glassy matrix composed of sundry 
silicates and spinels. When such bricks are sub¬ 
jected to a prolonged heating at 1500°-C. or above, 
tjke proportion of periclase increases more or less 
slowly and at the same time the amount of magnesia 
which is dissolved in the glassy matrix also increases. 
As magnesia exerts a toughening influence on glasses 
and slags, increasing their viscosity very consider¬ 
ably, the matrix in magnesia bricks does not attack 
the unaltered particles so rapidly as'in fireclay 
bricks or silica bricks. For this reason, magnesia 
bricks are often more refractory in use than a 1 
laboratory test of their refractoriness suggests., 
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Cnuhinc Strength. 

When cold, magnesia Sticks Jiave a crushing* 
strength rather higher tHhn that offireclay bricl^. 
^Their^stfength when cold Ijiay be increased by the 
addition of a small percentage of iron oxide, but this 
ddbreases their strength at high temperatures. 

Effect of Pressure at High Temperatures. 

*When magnesia bricks are heated under a pressure 
of 50 lb. per sq. in., they retain their shape without 
distortion until a temperature of about 1550° C. is 
reached, when they suddenly collapse. In this 
respect they resemble silica bricks (p. 36), rather 
than fireclay bricks tp. 21 ), which are gradually 
distorted as the temperature rises abc^ve 1300° C. 

Shrinkage on Reheating. 

Magnesia bricks, unless exceptionally well-burned, 
shrink when in use, the contraction being roughly 
proportional to the extent to which they have 
bedh under-fired. This shrinkage is very noticeable 
if the magn&sia, of which the bricks are made, has 
not been fully dead-burned. The shrinkage .af 
bricks made of lightly-burned magnesia is so great 
that it % almost impossible to prevent them*from 
twisting and cracking when they are reheated. On 
the other hind, bricks made from fully dead-burned 
material do net shrink in use, more th^n the best 
fireclay bricks. The best qualities of magnesia 
*bricks should not have more than 5 per cent linear 
1(16 p 9c cent cubical) contraction when in use, and 
a lqprer shrinkage than this is desirable. * 
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BamlHrHMli to Tanpkyon Change*. 

' Host magnesia Bricks ( are highly sensitive to 
sadden changed in temperature and they spall or 
flake readily when coolsA Aiddenly. This* appears 
to be due largely to the instability of the magnlqia, 
as bricks containing a larger proportion of,pejjclase 
are far less sensitive. This tendency to spall or 
flake is a very serious drawback to magnesia bricks, 
and prohibits their use in some cases where other¬ 
wise they would lie invaluable ; it limits their 
usefulness to furnaces, etc., in which no sudden 
changes in temperature are likely to occur. This 
difficulty is, to some extent,, overcome by the use 
of iron cases to contain the bricks. 


Other Properties o! Magntwia Bricki. 

Among the properties of magnesia bricks of lesser 
importance are their hardness, their metallic “ ring ” 
when struck and their great “ weight." They are 
readily attacked by acids and even by water and 
steam, but can withstand damp air for a moderate 
length of timp. They should nevpr be exposed to 
the weather, but should lie kept in a dry and, 
preferably, in a warm buildiflg. 


Summary. 

Magnesia bricks are* invaluable where brioka of a 
bade character are required. They are costly to* 
produce on account of the very high tempfcwturd 
needed* to convert the magnesia into pqyiqbae. 
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They are very sensitive" to sadden Changes in 
temperature.* 

DOLOMITij BRICKS 

fyickiT made of a" 1 double carhotiatc of magnesia 
and lime (dolomite) have been used in some steel 
furn4fces *with indifferent success, but crushed dolo¬ 
mite has long been used tn lining furnaces for the 
manufacture of steel by the basic process. Dolomite 
is inferior to dead-burned magnesite as the lime is 
objectionable, but dolomite is so abundant and 
relatively so cheap that it will continue to be used 
for this purpose.* 


LIME BRICKS 

Many attempts have been made to produce good 
briclfit from lime, but without success, as the material 
is too easily disintegrated by moisture, and forms 
too fluid a matrix with any silica or clay added 
as a binding agent. Lime bricks, also have an 
excessive shrinkage, low mechanical strength, and 
for other reasons art" not very durable. 

CHROMITE BRICKS" 

j 

Firebijpks made ui chromite are used -to a 
limited extent in the neutral courses between acid 
(fireclay or Silica) and basic (magnesia) bricks. The 
ore is ground And mixed with a suitable quantity 
of bond (such as clay, lime, bauxite, magnesia, 
chromium salts or alkali salts) and water. The 

• For furtbrr particular! m the author's lajfjr work: 

Materials ; their ManuJaHur* and Vsea. 
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paste ur<*lfeped by hanl in iron moulds and Use. 
bricks'are dried and,fin*ly burned at a temperature 
of at least 148f>°t. (Cone«16). , t 
*' In some chromite brinks, tar is used as a, bond, 
in which case thddry mlterialf are mixed by hpnd, 
with melted tar, on a floor and moulded whilst the 
mass is still hot and plastic. 

Colour. 

Chromite bricks are dark brown in colour, on 
account of the iron oxide present. 

Texture. 

Little attention is usually paid to the texture of 
chromite bricks, but it should be fine rather than 
coarse so as*to resist abrasion, phromite is so 
inert that no special precautions need usually be 
taken to resist corrosion. 


Fomrity. 

Chromite bricks are usually of about the same 
porosity as fireclay bricks. , 

Specific Gravity. 

*' « 

Chromite bricks. vary in specific gravity on 
account of the variations dtae to the temperature 
, of calcination, anjl to the impurities in the chromite 
ore used. 

Relractoridias. 

The refractoriness of chromite bricks corresponds* 
to Cones 31 to 38, but varies considerably according* 
to the ‘percentage of chromium oxide in the* ore 
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used. The melting point of pun chronun oxide 
is about 2000° C. 

Chemical Oomporikdon. 

Chromite bricks catre^jf>ofld verysdoscly in compo¬ 
st tjpfi to the ore of which they are made (p. 108). 
The>u|pef impurity is iron oxide, as pun chromite 
is too valuable to be umyl for brickmaking. For 
this reason, chromite bricks are not made with the 
same regard to quality as are the best magnesia, 
silica, and fireclay bricks, but this is not usually of 
much importance, as even a comparatively low 
grade chrome ore will produco bricks which an 
quite satisfactory in tye. 

Crushing Strength. 

disunite bricks are not subjected to gnat pres¬ 
sures so that tests of their crushing stnngth an 
seldom of importance. Typical bricks will withstand 
a pressure of from 180 to 360 tons per sq. ft. 
(2,800 to 5,600 lb. per sq. in.). 

Effect of PMhmn at High Temperatures. 

The temperature at which chromite pricks collapse 
when under a pressuro of 50 lb. per sq. in., has only 
been determined on a tery small number of bricks 
so that no very reliable, figure is obtainable. The 
chromite bricks tested failed suddenly at 1450° C. 

Shrinkage on ftehaattng 

* Chromite bricks shrink slightly when in use, but 
this is hot serious if they have been property burned 
in t|p pouroe of manufactan. * 
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Chromite bricks arc not particularly sensitive to 
sadden change* in temperature! 

IRON ORE BRICKS 

Iron ore bricks are somewhat similar to-chprimite 
bricks of very low grades and arc made by mixing 
iron tire with milk of lime, the same process being 
used as for silica bricks. Iron ore bricks are of 
poor quality as regards refractoriness and arc useless 
in a reducing atmosphere. 

TITANIC OXIDE BRICKS 

Titanic oxide bricks are made by mixing crushed 
ilmenite or titanic iron on- with lime and water, 
and proceeding as in the manufacture of *silica 
brieks. They are satisfactory acid refractory 
materials, but their cost is usually prohibitive. 

CARBON BRICKS 

Brieks made of graphite or coke are used in various 
nSftallurgica! . furnaces, especially, in the boxes of 
blast furnaces. They are made by mixing crushed 
graphite or coke with tar. moulding the mixture in 
iron boxes, and J-hen halting the boxes with their 
contents at a temjH'rature just sufficient to char 
the tar. 


Texture. 

The texture oi car Don bricks depends Umosf 
wholly* on the graphite or coke used, the former 
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producing bricks of a flaky texture, whilst those 
made of coke are granulai 

Corrodon and Abfadon. 

Carbons bricks are* highl^ resistant to corrosion 
bub only moderately so to abrasion. 

Befractonnen. 

The melting point of carbon is much higher than 
the temperature attainable in the hottest industrial 
furnaces, so that carbon bricks are the most refrac¬ 
tory. Unfortunately, they gradually burn away 
when heated in a current of air and so are not 
very durable. 

Chemical Composition. 

Carbon bricks are composed almost wholly of 
carbon, with a small proportion of hydrocarbons 
and a variable amount of mineral matter or " ash.” 
The proportions of these minor constituents is very 
variable. The total amount of ash should not 
exceed 14 pej cent. 

Cradling Strength. 

Carbon bricks are incapable of .withstanding much 
pressure «. but the criAhing strength, when Cold, 
should not be less than WHKl lb. pej sq. in. 

Shrinkage on Reheating. 

Most carbon bricks arc constant in volume, when 
reheated in the absence of air. Under ordinary 
dbnditibns they slowly bum away and thus become 
smatyecand smaller. 
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SatfttMPM to Temperature Changes. 

Carbon bricks aee n<(t sensitive to changes in 
temperature. - - , , 

CARBIDE BRICKS 

Artificial compounds of silicon and carbon, With 
or without oxygen, known by various nafliegfsuch 
as carborundum, crystoloh. silfrax, silundum, siloxi- 
con, etc., arc used for the manufacture of refractoVy 
bricks, by mixing them with a suitable bond (such 
as clay, lime, water-glass, or a temporary bond, 
such as dextrin) moulding, drying and finally 
burning the bricks at from 1400° C. to 55000° C. 


Colour. 

Carbide bricks vary in colour according to the 
particular carbide present, but are usually' dark 
grey, with a green lustre. 

Specific Gravity. 

The true specific gravity of pure carborundum is 
from 3-17 to 3451. Other carbides and carboxides 
(jfffer slightly according to their nature. 

Refractoriness. 

* r 

The refractoriness of carbide bricks is very high 
but varies according to the bond. Puce carborun¬ 
dum melts at a temperature of about 2600° C., but 
begins to Associate orv prolonged heating at 1600° C. 
or possibly at a lower temperature, the carbon 
burning away and leaving silica behind. For this 
reason? darbide bricks cannot be used at vefy high 
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temperatures though when'heated in air at tSOfP C. 
to 1800° C. the residual fffiipa*,melte, coating the 
underlying carbidq yith ap almost impervious film 
and s% producing brickj which can* remain in usl 
at tips temperature fSr several months at a time. 

Ch&a^al Composition. 

Carborundum bricks usually contain from 77 to 
OOwper cent of silicon carbide : 6 to IS per cent of 
silica; and 4 to 5 per cent of alumina and iron 
oxide. In carboxide bricks, silicon oxycarbide 
replaces the silicon carbide. 

Crushing Strength. 

One of the most important properties of carborun¬ 
dum bricks is their great strength. When properly 
madeAhey have' a crushing strength, when cold, of 
about 6,700 lb. per sq, in. and sonic have been made 
with a crushing strength as high as 9,060 lb. per sq. 
in. This is eight or ten times as great as that of 
fireclay bricks, and they do not soften gradually 
like fireclay pricks. 

At very high temperatures the strength decreases 
owing to the dissociation of the carbide. 

Volume Ranges on Raheating. 

'Carbide bricks have »a very lqw coefficient of 
expansion so that they may be heated and cooled 
without any appreciable change in voluqie. 

InmUlinni— to Sodden Changes in Temperature. 

On account of their low coefficient of expansion 
eexfaick bricks are almost completely inseitsitive to 
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change8*in* tcmperatuVe and do not, therefore, crack 
and spall in situations, where many other refractory 
bricks could ri.it be used. 

Other Propertiet L 

(Carborundum bricks have a very high therjnal 
conductivity, a fairly high electrical conductivity, 
together with a high .csistancc to abrasion on 
account of their hardness. 

Summary. 

(Carborundum bricks are highly refractory and 
have a low coefficient of expansion, so that they are 
very useful in furnaces where the temperature 
changes rapidly. These hricks have not, as yet, 
hecn used to any very great extent on account of 
their high cost. 

ZIRCONIA BRICKS 

During the past few years, hricks made of zirconia 
have lieen placed on the market. They are made 
by mixing crude zirconium oxide v.itij a bond such 
tys alumina, clay, thoria. colloidal zirconia. or a 
temporary bond such as dextrin The bricks are 
moulded by hand or pressed in a machine and, 
after careful drying, are bunted at front 1400° to 
1800" ('. 

Colour. 

Pure zirconia is qilite white, but the bricks are 
usually a grey or bluish colour ; if heated to it very 
high temperature they turn reddish-brown otfring to 
the formation of zirconium nitro-carbide. 
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The texture oi zirconia bridks is not of'great 
importance aa thfc Tnatcrlhls are vsfy resistant W> 
suddeh (hanges of dteApAature, # t<> slags and to 
abrdhion. • In general, the texture should Ik> fairly 
fin^qp as to secure maximum durability. 

Zirconia bricks are particularly resistant to slags, 
mplten metals, fumes, etc., even at the highest 
temperatures attainable in industrial furnaces, but 
they are attacked by sodium compounds, pyrites, 
and substances containing fluorine. 

Porosity. 

Zirconia bricks are usually fairly porous but this 
does not detract from their ajtecinl (fualities. The 
porostyy depends largely on the bond used. 

Specific Gravity. 

Bricks made of fully-shrunk zirconia have a 
specific gravity of 4-6 to 4K. 

Bemcton&MB. 

No precise figurp can Ik- given for thejefractorines* 
of zirconia bricks ; it certainly exceeds that of most 
other refractory materials, for which reason these 
bricks are particularly suitable fey use in electric 
furnaces where the conditions are especially severe. 

Effect of Premia at High Temperatures. 

When heated under a load of 60 lb. per sq in., 
urconii bricks fail at from 1450° to 1000° G\, 
aooqyding to the bond used in their manulaAure. 
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Votane vnanges on JWjeafag. <■ 

Zirconia is almost insensitive to sudden changes 
qf tomperaturtr and zircdnia bticks may be heated 
until white hot and thv.i plugged into cold'water 
without risk of fracture. ■ 1 

Other Property. 

Zirconia bricks are characterized by a very low 
thermal conductivity which renders them very 
useful for high temperatures. The specific heat is 
also very low and does not appreciably increase at 
high temperatures. Unfortunately, zirconia has a 
tendency to form nitrides and carbides, at high 
temperatures, and these substances reduce its 
durability. • 

S ummar y. 

On account of their great refractoriness, resistance 
to corrosion, low thermal conductivity and low 
coefficient of expansion, zirconia bricks are valuable. 
They have not yet been use^ to, a great extent, 
largely as a result of bricks made of* very impure 
Mfconia being placed on the market. When purer 
zirconia is used, the value of bricks made therefrom 
will be increasingly realized, 1 especially for pxtremely 
high temperatures in the presence of corrosive 
substances. The cost of such bricks & prohibitive 
for ordinary work., • 

BLOCKS AND “SHAPES” 

Blocks of all kinds, including the “ shaped ” used 
for aibhes and other portions of furnaces, where 
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specially-shaped pieces are advantageous; itt made 
of the same materials as filebrielcs. Fireclay^ grog, 
silica, and magnesia arc,* however fluted far more 
extensively for thqpe, purposes than any other 
materials. 

Except for < the differences in their shape and 
Bise, thefte blocks do not differ greatly from fire¬ 
bricks made of the same ^naterials, but the larger 
blocks are far more difficult to produce because 
they are much more “ tender ” and very liable to 
crack or “ twist ” during drying and burning. 

On account of their size and low thermal conduc¬ 
tivity, larger blocks are sometimes burned unevenly 
and, when broken, sh<fw discoloured cores. This is 
particularly sorious in the tank Mqck* used for 
glass-melting furnaces, and in the blocks used 
in the hearths of reverlieratory furnaces. This 
defect can only be prevented by slow and skilful 
burning. 

j Large blocks are more sensitive than smaller ones 
to bidden changes iq temjierature, and consequently 
special attention should be paid to their porosity 
in order to keep .this sensitiveness at a miniraujfk 
When the blocks arc also required to resist abrasion 
or corroqjon (for which•purposes a dense exterior is 
neoessary), there is often considerable difficulty in 
producing durable blocks. A dense surface often 
tends to induct spalling and flaking— which must 
be avoided—whilst a more‘open texture is less 
resistant to corrosion and abrasion. The skill of 
the bftek manufacturer lies in combining these 
opppsiag qualities to the beet advantage. 
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The' outlets of furnaces through which slags, etc., 
age discharged 1 ,ire controlled byeplugs or stoppers 
which are usually ma£e of ^fireclay. They are 
moulded by hand in the same manner as bricks 
and, apart from their shape, present no sytAal 
features. They arc quite cheap, are easily broken 
in the ordinary course of usage, and need not be 
made of exceptionally refractory material as they 
are so readily renewed. 



CHAPTER h 

REFRACTOR* HfLLOW-WARE 

Tqa term “ hollow ware " Includes all vessels and 
articles with & hollow interior, but in the case of 
refractory articles it has special reference to crucibles, 
cupels, glasshouse pots, retorts, muffles, ladles, 
nozzles, pipes, Aanncls, and a targe variety of 
appliances, used"in chemical and other industries, in 
which acids are heated. Many of these appliances 
are made of stoneware, which can scarcely be 
regarded as refractory (see p. 1) but the use of 
fused quartz—particularly that form of it known 
as “ Vitreosil ”—has increased rapidly during recent 
years.’ Most of these articles are made of fireclay 
—with or without the addition of grog (p. R9)— 
but for special purposes, some of the other refractory 
materials are preferable. 

CRUCIBLES 

Crucibles are vessels in which materials are heated 
to a high temperature either for the purpose*of 
fusing them, or in outer to calcine them or to 
permit Certain chemical^ reactions to take place,* as 
in the smelting of some metallurgical ores. 


Csncibles vary in shape from tall narrow vessels, 
Sometimes wider at the top than the bottom, to 
short, .squat vessels of relatively small Capacity. 
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These dffltrences are' largely due to jthe fact that, 
crucibles are used fdr m£ny different purposes, and 
it is important Jto adapt their qh^pe to the require¬ 
ments of the user. Typicql shapes are illustrated 
in Fig. 3. 1 ' , 

In order to allow the heat to pass into the intafior 
of the crucible as rapidly as possible, the walls 
should be as thin as is cohsistent with the minimum 
permissible strength. 



Kin, a. -('nrciRuss. 


Dimensions. 

Crucibles vary in size from that of a large thimble 
to vessels 30 in. or more in height, and in capacity 
ffbm about half an ounce of water to 10 gallons 
or'more. ' 

Texture. 

Crucibles usually have a fine and somewhat porous 
texture, except internally where they are often 
dense, but' they vary greatly according to the 
purposes for which they are used. In all eased 
the particles should be small, for uniformity irf 
texture* id of great importance in all articles required 
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to be heated .and cooled alternately. Itr Especially 
important that a laminated 'structure aficsikt be 
avoided, as this itj % source of weakrtess. 

et . - *1- 

rofoSKSF* 

J|*or simple calcination, a porous crucible is wholly 
sausfactpry, but for heating corrosive materials and 
for melting various substances, great density—at 
least internally—is essential. Some crucibles arc 
so dense that they can only lie used once with 
safety and. even then, they have to be heated very 
cautiously until they attain a ml heat. 

Refractoriness. 

The refractoriness of a crucible depends upon the 
materials of which it is made (see t’bapter 1). For 
moat purposes, fireclay crucibles (with a refrac¬ 
toriness corresponding to (’one 32) are the liest, but, 
for special work, crucibles made of carborundum, 
oorundum, zireonia, fused quartz and even magnesia 
are used. 

Qfmfeal Composition. 

Fireclay and frog crucibles have a compositjfpi 
similar to the clays of which tfyey are made and to 
the corresponding firebricks (pp. 14, 7H and pp. 
34, 80).”' Hessian crucibles arc formed from a mix¬ 
ture of sand and fireclay and are specially used for 
melting gold, silver, and other precious metals. 

Plumbago or graphite crucibles arc made of fireclay 
Vnd plumbago or graphite, and are specially resistant 
sudden changes in temperature; they also exer¬ 
cise a slight reducing action on their 'contents. 
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PorttUm crucial** are ua£d extensively in chemical,, 
•laboratories on accqhnt 6f their resistance to meet 
of the substart Jes heated* in tlyeip, and to sadden 
changes in temperature. , r „ 

Crucibles made of fused quartz are used for,the 
same purpose and are even less affected by sudden 
heating and cooling. Crucibles made of pure zir- 
conia are exceptionally resistant to sudden changes 
in temperature, but are very difficult to produde. 
Small crucibles made of dead-burned magnesia, 
lime, or corundum, arc also used occasionally for 
special purposes on account of their high refrac¬ 
toriness and insensitiveness to temperature changes. 

Cupels. 

These are very shallow crucibles with a very 
thick base. They are made of compressed 'bone- 
ash, and are chiefly used on account of their great 
power of absorbing certain fusible oxides. Thus, 
if a mixture of gold, silver, and base metal is sur¬ 
rounded by lead foil and heated on a cupel, the lead 
and base metal will Iks oxidized and the lead oxide 
readily fuse and dissolve the other oxides. 
The fused maWial _ “ wets ” the particles of bone 
ash and so is able to penetrate between them and to 
be absorbed by the cupel, whilst the pure gold and 
silver (which do not “ wet ” the boite ash) will 
remain behind on the surface of the cupel. 

t * 


Large crucibles aw required to possess* greaf 
mechadtchl strength in order that they may.safely 
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be lifted witi^ their content*. * Thus, some crucible*, 
each containing more than 1 fart, of raoltfett steel,* 
have to be lifted f^op the furnace an^ their contents 
poured gently into ^loi^ldf^ No standard speoifkA- 
tioty hate yet been prepared fop crucibles, but it 
is tjbviou* that where the risk of serious accident* 
due to the collapse of a crucible is so great, there is 
little desire to vary the •composition or mode of 
dfhnufacture when the present ones are reasonably 
satisfactory. 

Hlwt of Contents at High Temperature. 

The contents of a crucible—more especially in 
the larger ones—have two important influences: 

(1) they may impose a great stress t nn account erf 
their weight or, if molten, by their pressure ; and 

(2) tlfey may seriously corrode the crucible. The 
former is counteracted by the use of crucibles with 
moderately thick walls, made of sufficiently plastic 
fireclay to produce a material of ample strength 
eveh at the highest temperatures attained in use 
(it seldom exceeds 1550° C.): whilst corrosion is 
resisted by carefully selecting the materials of whieji 
the crucibles are made, and by giviitg the intenor 
a dense skin or compact surface which will, offer 
great reeistance to coixosion. ln^ some industries, 
the corrosidh is so great that crucibles can only be 
used once or twice ; in others, a they are in constant 
use for several weeks at a time. When very 
Corrosive substances—rich in metallic oxides or 
tulphiBea— are to be heated, it is desirable to make 
extensive trials with crucibles made of* (liferent 
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material). The trials should be framed on the . 
'general principle that fcasic materials should be 
heated in cruelties madeifrom bipric materials, and 
acid-reacting materials ir; clay crucibles. Plumbago 
crucibles arc often useful because of the great 
inertness of this material to both acid and biftic 
substances. 

All crucibles tend to doften at the highest tem¬ 
peratures attained in use, but many workers claim 
that this is a slight advantage, as it ensures a better 
and surer grip with the tongs when the crucibles 
are lifted out of the furnace. 

Sensitiveness to Temperature' Changes. 

Most enieibfes must be heated or cooled cautiously 
as they an* sensitive to sudden changes in tempera¬ 
ture. Hessian erueiblos. and others containing a 
large proportion of free silica, require special care 
in this respect. The least sensitive crucibles are 
those mode of graphite, grog, fused quartz, and 
fused zirconia. 

• 

'* HiLASKHOUSK POTS 

Glasshouse pots (Fig. 4) am Ix'st regarded as very 
large crucibles used for melting various materials 
in order to form glass. Owing to theiF great size 
(some of them are 5 ft. in diameter) ahd the pressure 
of the molten glass in them, they offer a serious 
problem both to manufacturers and users. They 
are almost invariably made of fireclay and? grog,* 
several 'clays of different properties being mixm} in 
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suitable proportions in order to secure me Necessary 
rigidity and resistance to Vorr/^ion. 

Some glasses have a highly comfeire action on 
burned clay, but wi|h iposj of the glasses in regular 
use£he action is largely confined to the surface of the 
po^ and does not penetrate to any serious depth, 
so that some ‘pots are in 
constant use for a year or* 
iBore. The durability of 
the pots depends almost 
as much on the manner 
in which they are treated 
when in use ns on the 
care and skill exercised in 
their manufacture. 

Thus pots which have 
been thoroughly well-tired 
prior to use. so as to ensure 
a maximum development 
of sillimanite (p. lit), are 
mueh more durable than 
those which have Wn 
less fully heated. Mueh may also be done by 
treating the interior surface of the pots with molten 
glass (oullet) prior to the first tilling. 

SAiiGKRS 

Saggers are (efractory cases in which pottery and 
other articles are heated in -kilns so os'to support 
\nd*protect the articles placed in the saggers from 
^he direct action of the kiln-flames. They are 
highly, important to manufacturers who t uk them 
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auu anrerapioyea in Much'large quantified that they 
•are largely made os' th^ works in which they are 
used or in at4 adjacent iworka f For further par¬ 
ticulars regarding then;, fhe ( reader should see 
the author’s Hejrdctmy Materials ; their Mitnufafture 
arid Uses. * 

f 

« 

RETORTS 

Retorts are vessels in which various materials 
are heated, in order to produce from them a gas or 
vapour which it is desired to collect, either in the 
gaseous or condensed form. They are made of 
glass, iron, copper and other non-refractory materials 
as well as of fireclay, fused quartz, etc. 

Refractory .retorts are chiefly used for two pur¬ 
poses : (1) the carbonization of coal, oil-shale, etc.; 
and (2) for the separation of zinc from its or6s. 

Retorts for Carbonization. 

For the manufacture of illuminating gas, the 
retorts are of several kinds, the bqst known Ming 
□ shaped vessels,* closed at both ends and fitted 
HiUh an outlet pipe through which,the gases escape. 
These retorts are filled with eoal and heated to 
redness by external fires. 'When all the gas has 
bein evolved, th,e retorts are opened, the residual 
coke is drawn or pushed out and 'the* hot retorts 
are refilled with coal.f * 

In order that they' may be sufficiently durable, 

* Vertiool retorts are built almost wholly of fireclay or’siUea 
bricks (Chapter I). * % 

t 8*» ,U*i Tam Oat Uanujarturt, by R. Stalsy (" Pitman's 
Technics! Primer Scries," 2s 6d. net). • , 
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mwh retorts .must be retractory, strong, »and not 
unduly sensitive to sudden changes in temperature. 
With some coals i^ \p alsogiecessary ^Jhat the retorts 
should be able to r^i8t,tht action of corrosive sails 
prespnt ih the coal. 

Texture 

It is important that tin* surface of retorts should 
W free from holes and flaws and that those should 
not be obscured by “ washing " or other treatment. 
The retorts should be reasonably accurate in shape, 
a variation of J per cent longitudinally lieitig 
regarded as the maximum. A retort li ft. in length 
should certainly not be hent more than jj in. out 
of truth. 

The texture of retorts used for the manufacture 
of co&l-gas should Ik- relatively coarse so as to 
withstand the sudden changes in tem(K-rature. A* 
a fine deposit of graphite rapidly forms in the 
interior, there is seldom need to make the retort* 
specially resistapt to corrosion : indeed that would 
involve an undesirable reduction in their resistance 
to sudden change* in tcmjK-raturc. 

According to the Standard Specification of the 
Institution of (las Engineers, fireclay gas-retorts 
should be made of “ sufficiently seasoned raw ctay 
and clean bfimtrgrog. No grog shall be used which 
will pass through a test-sieve having Hi meshes to 
the linear inch." In other words, no particles of 
|rog*used for this purpose are to be less than i 1 ] in. 
In dialheter. 

It is. sometimes considered that this speciAcation 
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pernuurrne me of titerial which is tqo coarse, and < 
that the desired ina&nsitaveness to sudden changes 
in temperaturJ a would be*bette; jecured by the use 
of a smaller proportion ?f <paiye material. • 

Porosity. *, 

Gas retorts should be made of porous materials 
so as to resist sudden Changes in temperature as 
much as possible. The Institution of Gas Engineers 
has specified that the “ apparent porosity shall not 
be less than 18 per cent by volume," which is 
equivalent to about 8J per cent by weight. Highly 
porous retorts are leaky when first used, but the 
graphite lining, which rapidly forms, chokes many 
of the pores and makes the retorts gas-tight. 

Refractorinem. 

The refractoriness of fireclay retort material, like 
that of fireclay bricks, depends on the refractoriness 
of the raw materials used. There is no difficulty 
in making retorts, pieces of which, when cut off for 
testing, will show a refractoriness equ'al to that of 
Qbne 30 or 32, but the Standard .Specification of 
the Institution of Gas Engineers only requires a 
refractoriness equal to Conet 28. 

Chemical Composition. 

Gas retorts are chiefly made of fLeelay and grog 
but for some years there has been an increasing use 
of silica bricks (p. 27) for this purpose, on account 
of their higher thermal conductivity. The oLemioda 
and mStabralogieal composition of fireclay retorts is 
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, similar to thaj of grog brides 24). KetdKs made 
of bauxite or graphite ana fireclay, carborundum, 
corundum, chrom^ andjused qiujjtz are used to 
a mush more limited fxtfiit, and these materials 
are £oo <*>stly for large retorts 

• 

Cruihin^ Strength. 

There is seldom any difficulty with regard to the 
crushing strength of gas retorts unless they are made 
of material deficient in fine clay, or unless the retorts 
are seriously under-burned in course of manufacture. 

Effect of High Temperatures in Use. 

Gas retorts deteriorate chiefly as a result of the 
sudden changes in teni|)eraturo to t^hich they are 
subjected, and of the corrosion of the retorts hy 
flue dhst. The latter has a gradually increasing 
corrosive effect which cannot l>e wholly avoided. 
A minor amount of destruction is also effected by 
the salts present in the coal in the retorts, and by 
the*retort material acting as a catalyst anti decom¬ 
posing some of the gaseous hydrocarbons evolved 
from the coal, and depositing free carbon in t\e 
pores of the retort. The effect <if anjr basic oxides 
occurring as impurities in the clay also continues 
m the retorts are used, but their total effeef is 
seldom seriflusy 

Resistance to Abrasion. 

* As the materiajs to l>e heated are usually charged 
Into tBe retort whilst it is still hot, it is imDortant 
thaj the interior surface of the retort should be 
s-tism 
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hard eflbugh to resist any abrasion by the charged 
This resistance is sometimes increased by glazing 
the interior of^he retort* , f 

9 r / v* 

Shrinkage on Reheating. * # 

There is some risk of collapse if gas retorts shrink 
unduly in use an.d it is therefore desirable, when 
ordering, to specify a maximum permissible shrink¬ 
age. The specification of the Institution of O&s 
Engineers requires a linear shrinkage or expansion 
not exceeding 1J per cent when the test pieoe 
(4J in. square) is reheated to Cone 14 for two hours 
and then allowed to cool. 

* 

Conductivity. r 

It is very important that retorts should have a 
high capacity for transmitting heat to their con¬ 
tents, or an unnecessarily large amount of fuel will 
be used. Silica retorts appear to have a slightly 
higher thermal conductivity than fireclay retorts; 
those of carborundum are much more highly 
conductive, but their cost is usually prohibitive. 
/'For further information, see , Muffles (p. 73); 
also the author's Refractory Materials; their 
Manufacture and Uses. * 

Rated* hat Shale. . • 

In many cases, iron retorts are dhffioiently heat- 
resisting to be used fbr the production of oil from 
shale. Where more refractory retorts are required, 
they £rp very similar to those used fbr t^ 
carbonization of coal. . 
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The retorts used for the distillation of sine an 
made of fireclay to .which a small .proportion qf 
grog "is sometimes ' \dded. • As zinc oxide has a 
highly coAosive action on fireclay {forming a spinel 
composed of zipc aluminate), it is necessary for the 
. retorts to'have a compact interior surface to reduce 
this corrosion to a minimutn. On the other hand, 
tUe retorts as a whole must be sufficiently open in 
texture to enable them to withstand the sudden 
ohanges in temperature to which they are subjected 
when in use. 

The general properties of the retorts used for zino 
should be the same as those of gas retorts (pp. 68 to 
72), except that they should, as far as permissible, 
have a denser interior surface. 

MUFFLES 

Muffles are chambers in which articles or materials 
may be heated without being exposed to the direct 
actidh of the flame. The interior walls of an 
ordinary domestic oven really form a muffle, but 
the term is usually limited to structures made pt, 
refractory materials. , 

Muffles are of all sizes from those 8in. x Sin. 
X -3in. used by amateur, enamellerg to those 10 ft. 
•X 8 ft. X 8 ft. iwed in the pottery and enamelled 
ironware industnes. The smaller ones t are made 
in one piece (see Fig. 6) of fireclay—with or without 
gfcg-acarborundum, corundum or fused quartz; 
file larghr ones are built of brioks or slabs jo^de of 
, eithej fireclay, silica or carborundum. 
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The'Essential features of a muffle are: (1) it. 
must* exclude all ‘flame and flue dust from the 
articles or materials te be {tested; (2) it must 
permit sufficient heat to entqr the interior.-ef the 
muffle to raise its contents to the desired tempera¬ 
ture ; (3) it must be sufficiently insensitive' to 
sudden changes in temperature to be durable under 
all ordinary conditions bf use. 

The first and third requirements are best met “by 
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the use of fireclay and carborundum, but unfor¬ 
tunately, fireclay is inferior in thermal conductivity 
to silica and carborundum, though much chbaper 
than the latter. In muffles which are heated and 
.booled very slowly, silica is excellent, though crushed 
silica is very difficult to use in the case of one-piece 
muffles and, if mixed with sufficient clay to render 
if plastic, it is inferior tq muffles made of fireclay ^ 
done, particularly if part of the tfireblay has been 
previously heated and so converted into grog. 

Muffles and gas retorts are so much alike in the 
properties they are required to possess, thst the 
reader should refer to pp. 68-72, and in^orderfcg 
or designing muffles should require characteristics 
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sand Imitations similar to^hose mentioned in the 
section on retorts. The chief difference is that*most 
muffles %re not subject to‘such violwit changes if 
tempSAtnre as are \iany retorts, and may, there¬ 
fore, *be made of a material whicfi is rather more 
sensitive to sudden heating and cooling. 

LADDES 

In some of the metal-working industries, the 
molten metal is received from the furnace in a 
ladle, which is carried to the ingots into which its 
contents are slowly poured. Where the tempera¬ 
tures attained by the metal are not very high, 
almost any fireclay bPicks can be used for the 
ladle, but when the latter is to receivo molten steel 
or other high-temperature alloys greater skill is 
necessary in selecting the refractory material. Such 
material must be highly resistant to corrosion by 
any slag floating on the metal, and it must be equally 
insensitive to the sudden changes in temperature 
whicb occur when the ladle is filled and emptied. 
As these two properties are incompatible, a perfect 
lining for ladles is impossible when firec|py, magnesia* 
or silica bricks are used. Fused quartz would be 
excellent (except in the* case of metals containing 
Tbasic slags) were it not so*costly, and corundum and 
zirconia woufd (Jffer possibilities if they were less 
expensive. 

JLJnder present conditions, the best material for 
lining* ladles is fireclay bricks, except for metal 
containing basic Slag, when magnesia brickg should 
be ugedt In both cases, the refractory material 
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sKould^be thoroughfy yell burned and the joints 0 
should be as ^hin eft possible. 

PIPES, NOZZLES ANJ^ CHANNELS* 

The nozzles, pipes, channels or outlets for furnaces 
containing molten metal, slag, frit, glass, enamel, 
etc., should be made of a refractory material which 
is as resistant as possible to that with which it 
comes in contact. It should also be reasonably 
insensitive to sudden changes in temperature. 
Unless the molten material is highly basic, the 
nozzles, pipes, etc., are best made of fireclay of a 
moderate degree of fineness, such as that which 
passes completely a 24-mesfi sieve. Smoothness of 
finish and fineness of texture are of great impartahoe 
in such nozzles, etc.; hard burning is not essential, 
and in some cases under-burned articles have proved 
more durable than those which are more thoroughly 
fired. Great durability is seldom necessary as these 
articles are inevitably damaged by rough usage in 
cleaning, etc. 

,* SUNDRY REFRACTORY ARTICLES 
Some articles require to have parts of a highly 
refractory nature though they may not be so as a 
whole. Thus the “ tips of acetylene gas-burners,*' 
the nozzles of “ inverted ” gas-burners', the so-called 
“ asbestop fuel ” or “ radiators ” uted in gas-stoves, 
the rings or supports of the mantles used in incan¬ 
descent gas lighting, and the parts of dlectno 
radiafojs or furnaces which oome in contact with 
the hot wire must all be refractory, though the 
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remainder erf .the articles ^ which they fom a part 
may be of metal or other non«refractory material. 
Snob articles are penally made o^* finely ground 
fireclay with or Ajhout asbestos or crushed silida 
rock. Mhntle-supports and ring^are often stated 
tote made of magnesia, but most of those examined 
by the author have been made of a finely ground 
mixture of clay and silica rock. 



CHAPTER m 

» . 

raw Refractory materials 

Refractory materials, as distinct from thp articles 
made from them, are usejl for a variety of purposes, 
including rammed linings of furnaces (for which the 
material is moistened, laid in the furnace, and - 
consolidated by ramming or tamping). Sometimes 
the bottom or hearth of the furnace is merely 
covered with a layer of sand, ground ganister, 
dolomite, or other refractory,material, and in other 
cases the interior is plastered or “ pointed ” with a 
paste which may be made of a mixture of raw and 
burned fireclay, silica and fireclay, or a more complex 
mixture containing water-glass Portland cement, 
or other special binding agent. 

The more important of the raw refractory 
materials are described in this chapter. Very much 
fuller details will be found in the author’s Refractory 
Materials; their Manufacture and Uses (Griffin). ' 

*« • 

FIRECLAYS 

The term “ fireclay ” has long been seriously * 
misunderstood and—particularly in^mihing records 
and survey report^—it has been applied to the 
under-clays or seat-earths lying immediately below 
coal seams, quite regardless of whether 'suefi 
materials were olay or not, and without 1>ayin| 
any attention to their true nature. The origip of 
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this error probably lies in,an over-hasty conclusion 
of a very eminent geologist, long since deceased, 
who seems to have imagined that l^cause fireelays 
occianed immediately beneath many coal-seam*!), 
they occurred under all! This'is by no means 
cofrect, as a little careful investigation will show. 

Fireclays are distinguished from most other clays 
by their greater refractoriness (p. 1) though, curiously 
enough, the term “ fireclay ” is seldom applied in 
this country to china clay, or to any deposits except 
those associated with the Coal Measures, though 
not necessarily in direct contact with coal. 

Fireclays are found in seams or beds which vary 
from a few inches to about 5 ft. in thickness. Much 
thicker seams are sometimes reported but, on 
examination, will usually be found to include a 
rock of a different character and largely devoid of 
plasticity. 

Fireclays occur to a variable extent in all the 
coal-bearing areas in this country, some of the most 
not*able being those found in Central and South 
Yorkshire, Northumberland, Durham, Lancashire, 
Staffordshire, Warwickshire, Leicestershire, Derby¬ 
shire, Shropshire, Gloucestershife, Somerset, Kent, 
Devonshire, and North and South Wales, and at 
Glenboig, and Bonnybridge in the nouth of Scotland. 

Pocket Clays. 

Among the materials used for the manufacture 
of firebricks are the so-called “ pocket clays ” of 
Derbyfihire and Staffordshire. These occur m large 
pits, oi pockets and appear to be the residue left 
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wnen limestone rocks hav£ been aroded,and dissolved • 
’by the action of water rich in carbon dioxide. 

These pockety clays are* highly siliceous and their 
chief value consists in the fact/W the proportion 
of silica and day in them is such that the bricks 
neither expand nor contract when heated. Thi£ is 
due to the expansion of the silica neutralizing the 
effect of the shrinkage df the clay, thereby giving 
a product of constant volume. 

These clays are not so refractory as the purest 
fireclays but they are in great demand for ooke-ovenB 
and for retorts and settings used in gas manufacture. 

Artificial mixtures of clay and silica which possess 
the same properties as the packet clays, are used in 
the manufacture of semi-silica bricks (p. 39). 

Texture. 

Fireclays, when mined and brought to the surface 
are in the form of irregularly-shaped lumps of various 
sizes. On exposure to weather, some of these fall 
to powder whilst others are only slightly affected. 
When out, most fireclays show a fine, uniform tex- 
tfcre, and on being rubbed they.devdop a slight 
palish. Under prolpnged treatment with water they 
are reduced to a fine powdei*which, on being stirred, 
brims a greyish .cream or slurry. If the latter be * 
plaoed on a 100-mesh sieve and sh^ked the greater 
part of it will pass through, leaving a residue which 
—apart from the larger size of the particles—is 
indistinguishable from that whioh passes rehdlily 
through the sieve. A few harder and mor4 stony 
par-tides'are often present. 
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No British fireclays have a refractoriness greater 
than that of Coih^SS an^ most of them correspond 
to tJoneg 30 to 32, whilst *some “.bastard fireclays ” 
are only equivalent to Cone 26 or are even less 
resistant to heat. 

Melting Point. 

Fireclays have no definite melting point but fuse 
gradually over a long range of temperature com¬ 
mencing at about 1700° C. in the better materials, 
and at about 1550° C. in the inferior ones. This 
great range of fusion is partly due to their low 
thermal conductivity and partly to. the number of 
impurities they contain. 

Chemical Composition. 

Fireclays, like other days, are complex com¬ 
pounds of alumina, silica, and the elements of 
water, but they also contain variable proportions of 
free silica, carbonaceous matter—probably of remote 
vegetable origin—and small proportions of vaijljus 
silicates, carbonates, and other compounds of iron, 
lime, magnesia, sodiufh, potassium, titanium# vana¬ 
dium, manganese, phosphorous,, sulphur, chlorine, 
eto, A ctfem’cal analysis shows that the composi¬ 
tion of firecltfys in different districts vajies consider¬ 
ably ; even in different phrts of the same seam 
thfi variations in composition are sometimes very 
striking. The figures shown in Table IV pnipage 82 
sip typical. 




Tim IV.—yftuifGn or Tiucun. 

_ _ i __• 



Leeds, r 
Central 
Yorks. < 

6 tanning- 
ton, 

8. Yorks. 

Stour- 

a 

Durham. 

t 

Dowlals, 
8. Wales. 

Gleobolf, 

Scotland. 


% 

,% 

°% 

% 

% . 

*% 

BUlca . . 

71 

*48 

34*0 

82 

67 * 

4* 

Alumina 

20 
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21 
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3 
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1 
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0-5 
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01 
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— 
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— 

1 

— 
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— 
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1 

1-5 

r 

1 

2 

0-5 

Lon on 
Ignition . 

6 

10 

10-3 

10 

7 

14-5 


The chief impurities are the same as those 
mentioned on pp. 14 to 21. The carbonaceous 
(vegetable) matter bums away when the clays are 
heated to a sufficiently high temperature in a 
current of air. t If the conditions of heating are 
unfavourable to the complete combustion of this 
material, dark cores • are formed in the heated 
fireclay. 

Mineralogical Composition. 

Fireclays are extraordinarily difficult to examine 
petrographicaliy, as most of the particles present 
do mot show definitely recognizable characteristics. 

So (hr as can bd ascertained, they are highly complex 
alumiposilicic acids with very variable proportions 
of other mineral^ as impunities. On treating a- ' 
ground fireclay with a dilute solution 'of sodium 
carbonate or other suitable alkali, th» “ true clay ” 
present ma^ be brought into suspension whilst the 
greater part of the “impurities” settle and may* 
be removed by decantation. The extremely fine*" 
particles io separated do not admit of definite 
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mineralogies identificatKJn. Like other* colloidal 
materials they possess properties which belong M 
their physical statg rathpr than to* their chemical 
or mineralogical (imposition. 

So fat as has been ascertained, the essential 
constituent of fireclays is in the form of extremely 
minute •particles, of no definite size or shape, eaoh 
particle consisting of an invisibly small core which 
is surrounded by a relatively thick covering of a 
soft jelly-like material. When it is remembered 
that even the largest particles of true clay are not 
more than 0 004 in. in diameter, it is easy to see 
that any precise mineralogical identification of the 
smaller particles is almost impossible. 

Many of the coarser particles present in fireclay 
are equally difficult to identify; most of them 
appeSr to be indurated agglomerations of the smaller 
particles together with a small proportion of quartz 
and other minerals of little importance. 

Aeidic Character. 

The essential constituent of fireclay (i.e. “ true 
clay ”) is wholly insoluble in water, and all acids 
except hydrofluoric acid, bo that it! true chenlical 
character is difficult *to ascertain. When Seated 
with alkalies or with ljme or othpr solid bases,*and 
even with* some stable salts, as sodium chloride, 
(common salt) clays act as .true acids and form 
definite compounds. Unfortunately, the tempera¬ 
ture at which these reactions occur is usually so 
tugh*as to involve the decomposition of Jhe clay 
with .the result that silicates and alunfinates are 
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formed, though the city tjeelf appears, to be of the 
nature-of a complex acid, and is termed an alumino- 
silioio acid. T^jere is ei@denc$ that there is no 
sifigle substance to whiah the /erm “ true day " 
can be exclusivelysipplied, but that, on the Contrary, 
there are many alumino-silicic acids, differing ocfh- 
siderably in the proportions of silica* and alumina 
they oontain, but all composed essentially of these 
two oxides together with the elements of water, alT* 
united so as to form a series of insoluble alumino- 
silioic acids, having the general formula zAl,0,- 
ySiO^H.O. In the case of china clay the formula 
becomes Al,0,2810,211,0, whilst several of the 
more widely used fireclays, when carefully separated 


from free silica, and other ^readily removable impuri¬ 
ties, would be more nearly represented by A1,0,- 
6Si0,2H,0. The great variations in the coihposi- 
tion of different fireolays suggests, however, that 
they are mixtures of silica with some substance 
corresponding in composition to china clay, though 
not necessarily identical with it. 


The subject is complicated by the colloidal 
properties of clays, because colloidal alumina 
ana oolloidal feilica can, under certain conditions, 
mutually precipitate each other, forming substances 
of Very variable composition and closely resembling 
clays, though not identical with them. "The differ¬ 
ence between such artificial colloidal ptecipitates and 
natural clay lies ohieny in the fact that, hitherto, it 
has not been possible to precipitate colloidal silica' 
and alumina around a sufficiently minute ebre of’ 
inert material, so as to represent accurately what is 
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now regarded u the m«£prt>bable constituent of 
plastic clay*. 

Behagour with W^fer. 

Fireclay, like other clays anfl most colloidal 
hydrogels, behaves in a very peculiar manner with 
respect to water. A lump of clay will gradually 
fall to pieces in still water and the produet will 
lave increased in volume, owing to the absorption 
of water by the particles. If the proportion of 
water is sufficiently large, the mixture forms a 
slip or slurry which does not readily become clear 
on standing, and has. some remarkable powers of 
withdrawing certain dyes and salts from their 
solutions. With a smaller proportion of water 
(usually about 20 per cent) a paste is produced 
which "can be moulded or pressed into almost any 
desired shape. Moreover, if a portion of this paste 
is torn from the mass and pressed on to any other 
part of it with a slight rubbing motion, the two 
pieces of clay will adhere and if ther operation has 
been skilfully performed, no joint will be visible on 
making a section, perpendicular to the plane whefp 
the joint is expected. This power* of cohesion 
enables many articles tfl be modelled in clay which 
* would otherwise have tp be carve<J; it also enables 
handles to be placed on jugs, etc., without the use 
of any adhesive. 

Kuticity. 

* One*of the most valuable properties of fiyeolays 
is their plastioity or ability, when mixed with' a 
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suitableeproportion df nffcter, to retain any desired • 
shape. Which may ba given to them by the application 
of a slight pressure. is this property which 
Enables clay pastes to t be usetf so successfully in 
the manufacture*of bricks, tiles, terra-cotta, hollow- 
ware, and all the shapes desired in the various 
clay-working industries. , 

The causes of plasticity are too complex to be 
explained fully in these pages; it must here suffice* 
to state that plasticity appears to be due to the 
power of the extremely small particles of clay to 
retain a relatively large film of soft, gelatinous 
material around each particle, this film having 
sufficient adhesiveness to prevent the particles 
from separating, even when subjected to severe 
stresses, and also sufficient mobility to enable the 
particles to move over each other so that the plastic 
mass readily assumes any desired shape. In this 
respect, plasticity appears to depend largely on the 
existence of particles each consisting of a minute 
core surrounded by material in the state of a 
colloidal gel.* 

* When a plastic clay is dried at a low temperature 
it' loses its plasticity and becomes hard and rocky. 
Tha plasticity may be restored by grinding the 
material to ponder and mixing it with a suitable 
proportion of water. If the material has been dried 
at a temperature sufficient to destroy the colloidal 

* For further information on the nature of this gel the reader 
should study the subject of " colloids ” and also the “ Report 
on the Colloidal Nature of Clay ” in the British Association 
Report* I\ T I on Colloid* and their Indmtr iol Application* 
published by H.M. Stationery Office. 
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Matter in th^ clay (almoejlaify temperature above 
100° C. will do this), the plasticity cannot W com* 
pletely restored as the constitution «of the clay k 
altered by the he&mg. 

Binding Power. 

Closely allied to plasticity is the binding power 
of clays, whereby they are«able to impart plastioity 
lo finely-ground materials with which they are 
mixed ; that is to say, the mixture is plastic enough 
though to a less extent than the original day. 
This property is extremely useful in controlling the 
shrinkage of clays and in modifying their properties 
in other ways. 

Shrinkage. 

Any 1 * clay which has been mixed with water and 
converted into a paste of suitable consistency for 
moulding or modelling will shrink or contract when 
dried, and will undergo a further smaller contraction 
whdh' heated to redness or any higher temperature. 
This shrinkage is due in the first place to the 
particles of plastic clay being separated from eadl) 
by a film of water, so that they prove close together 
when this water is removed by drying the day. 
On heating to redness, the clay, is decomposed, 
forming stilf snlaller particles and at a yet higher 
temperature partial fusion occqrs, the result being 
a still further reduction in the volume of the mass. 

* Ctfcys which have more than 8| per cent linear 
ArinkSge (i.e. more than 1 in. per linear fcjptf must 
usually be mixed with some non-plastic material, 

7HSS7S) 
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or they <• will crack dunl^g drying. Either crushed 
' grog (p. 89) or silica rook is usually employed for 
this purpose 

c 

Effect of Heat 

Briefly, the results of heating a fireclay to any 
temperature likely to be attained in an industrial 
furnace are as follows—» 

(1) The moisture in it is evaporated and the clay" 
is dried. This is accompanied by a moderate 
amount of shrinkage. 

(2) At the lowest visible red heat, the clay begins 
to decompose, evolving a further quantity of water. 
This is accompanied by a farther slight shrinkage 
and by complete loss of plasticity. When the 
decomposition is complete the clay is converted 
into a harder material of a stony character. 

(3) On being heated to a yet higher temperature, 
the more fusible constituents of the clay begin to 
melt. Those of a basic or alkaline character begin 
to form fusible silicates, which gradually dissblve 
more of the material, and eventually the pores are 
filled with a glassy or slag-like substance. When 
the clay no longer contains any voids it is said to 
be “vitrified.” Complete• vitrification is seldom 
retched with a fireclay. When the amount of molten 
material is sufficient, the mass loses its shape, the 
temperature at which this occurs depending largely 
on the shape of the mass. Thus, a thin rod sup¬ 
ported at each end will show a change of shajje 
(by sagging) at a much lower temperature than & 
cube of the same material. 
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> (4) Simultapeously with*|he" decomposition of th« 

clay, any vegetable matter present burns ttwaiy. 
Under conditions of, rapid heating, fthis'may form 
a blaak core with more or less swelling of the 
material swing to the producticfh of gas in the 
pores of the day. 

Other Properties. 

Many of the useful properties of fireclay can be 
deduced from those of fireclay bricks. Thus, tho 
true specific gravity is about 2'0 ; and the thermal 
and electrical conductivities are about the same as 
those of firebricks. Use is sometimes made of the 
magnetic properties ofr some of the impurities in 
clays in order to purify the latter. 

GROG 

Grog or chamotte is made by burning fireclay at a 
temperature sufficiently high to destroy its plasticity. 
It is usually desirable, however, to heat the clay 
to ft temperature similar to that «t which the 
refractory articles will lie used. By this means, 
the shrinkage of {he grog when in use, with all tHIj 
disadvantages of such shrinkage wilf be avoided. 
For this reason, the fireclay intended for grog should 
•be burned at a temperature not lovyar than 1300°U. 
and preferably at 1400 to 1500° C. 

The best method of making grog is to grind the 
fireclay to a coarse powder, mix it with water in a 
j&ginill so as to convert it into a paste, shape this 
iflto roftgh bricks by the wire-out process (ps 120) 
and burn the bricks in the customary manner. The 
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bricks ttte examined* aljjpr they have been taken 
oflt df the kiln and any obvious impurities are 
rejected. The remaining material is then crushed 
to a coarse powder and passed over two sets of 
screens; the first screen separates the material 
which has not been ground sufficiently, and ‘the 
second screen separates the dust. > 

For most purposes, giog should not contain anjr^ 
particles larger than £ in. diameter or smaller than 
Ain. 

Grog has the same general properties as firebricks 
made from the same clay, but bricks made of grog 
and fireclay have several advantages over those 
made solely of unfired day. The preliminary 
burning during the manufacture of the grog enables 
impurities to be seen and the pieces of grog containing 
them to be removed instead of allowing them to 
enter the bricks. There is also a slight reduction 
in the proportion of alkalies as a result of the 
double burning—first as grog and then as bricks. 
The sizes of the various particles of grog can be 
regulated and the resultant bricks can, by that 
jqeans, be made more resistant to sudden changes 
in temperature, corrosion, abrasion, etc. Broken 
firebricks are sometimes ubed as grog, but unless 
they are carefully selected <and all slag and obvious' 
impurities removed they may do fhorfe harm than 
good. 


SILICA 

Sili*a,is an oxide of the non-metal silicbn and 
is usually represented by the well-known forpmla 
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®O t . By aaalogy withal carbon, the Ajbstance 
represented by this formula should'be a gas, ufherdu* 
silica is a solid whiah earn only be fused with diffi¬ 
culty,* so that its true formula almost certainly Is 
8i/9 u wRere x is at least six and may be much 
greater. Purq silica is obtained as' a result of 
several Chemical reactions, one of tho best known 
, being that in which a silicate is fused with sodium 
carbonate,' dissolved in water and filtered, the 
solution then being acidified with hydrochlorio or 
sulphuric acid and evaporated almost to dryness. 
The silica is then precipitated in a gelatinous 
(colloidal hydrogel) state and it may l>e separated 
by filtration. It may hlso be obtained from various 
other silicon compounds, such as* the fluoride. 
When prepared artificially the calcined silica is a 
very fight, white powder which, when intensely 
heated in an electric arc, fuses to a clear glass and 
remains glassy on cooling. 

OodUrrence. 

The form in which silica occurs most abundantly 
in nature is that, of the crystalline mineral quartgf,* 
which is the chief constituent .of sandstone rocks 
and sand, and is an important ingredient of gaanite 
mid many other rocks.. The quartz may be ifi a 
primary stSte,’ having been directly crystallized 
from a molten 1 'magma, or it m#y be of q secondary 
character, as in quartzite rotfks. Some silica rocks 

P * Two other crystalline forms of silica, which have not been 
found in sufficiently large quantities to enable them tcabe used 
commercially, are crittobaltfe and tridymite , both of wnich are 
fopqpd when silica is strondv heated (p. 30). 
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we composed of parities of quartz cemented 
xjgetlfer by a film*of gelatinous silica; these are 
among the most useful' for jthe manufacture of 
silica bricks, etc. • • 

The silica rockl of most importance as'refradtory 
materials are— f ' 

Dinas rock and similar quartzites which form part 
of the Basal beds of the*'Millstone Grit. These are 
worked chiefly in Carmarthenshire and Glamorgan¬ 
shire, South Wales. 

Quartz-schists and conglomerates which are used 
to a limited extent. 

Qanister which occurs principally in the Coal 
Measures around Sheffield arid in the Millstone Grit 


in the South of Scotland, though fine-grained silica 
rocks in other localities arc frequently termed 
“ ganister.” Ganister is particularly useful on 
account of its self-binding or feebly plastic property. 
This is due to the clay present in it. The same 


property may be conferred on other silica rocks by 
grinding them ‘with clay and water under conditions 
which will not destroy the angularity of the particles 
qt ( silica. 

Other silica rockq, which are similar in chemical 


composition but somewhat different in texture from 
tnie ganister, are found in many parts of the 
country, including Durham and West Yorkshire, 
North Wales, Scotland, etc. v 

Silica sand, which is used to some extent in 
America. 

Flints ^vhich are sufficiently free from a calcareous 
Coating are used for silica bricks. They oocuf on 



the sea-shore, in the Soutt of England and near 
Dieppe in France. Other useful 41iftts occur ftesmall' 
quantities in other isolated areas, flints are valu¬ 
able on account of the speed of conversion of the 
silica into 'cristobalite and tridymite. 

Erratic blocks of Tertiary origin, when composed 
of almost pure quartzite, are preferred to all other 
forms of silica by the Gsrman manufacturers of 
silica bricks on account of the comparative ease 
with which the quartz is converted into tridymite 
and cristobalite. 

Colour. 

Silica rooks arc usually grey or reddish-brown 
when viewed in mass, but very small fragments 
are often as clear and colourless as glatw, and all the 
silica rpcks suitable for use as refractory materials 
are Been, when highly magnified, to consist of clear 
and colourless particles of various sizes, together 
with a much smaller number of opaque or coloured 
particles. White silica rocks are occasionally seen. 

Texture. 

If a fragment qf silica rock is examined closely ft 
will be found to consist chiefly of smdll particles*ot 
glassy quartz, but under*a microscope these parades 
may be seen to be either: (i) interlocked without 
any visible ftoitd ; (ii) united by a glassy magma 
of almost pun? silica; or (iiij united by a very 
small proportion of clay. The existence and nature 

the bond which unites the particles is of great 
ifhport&nce to the manufacturer and user of refrac¬ 
tory materials. If a piece of silioa rock aSout 2 in. 
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or mora. in diametefc ijt placed in f furnace and* 
heated* to bright redness, and then cooled rather 
rapidly—as by withdrawing jt quickly—the rook 
Will crack or fall to pieces, if the particles of .quarto 
are unduly large' or if the bond is of an*unsuiteble 
character. 'A minute inspection of such a rock 
under a microscope will usually show .that the 
particles of quartz hare actually split or have 
parted from each other.' Such a material is obviously* 
unsuitable for furnace construction. A suitable 
silica rock, on the contrary, will have the same 
crushing strength before and after calcination; it 
will usually, though not invariably, be composed 
of grains of secondary quartz united by a glassy 
siliceous matrix. 

Refractoriness and Melting Point. 

As pure silica is a definite chemical compound it 
possesses a definite melting point, namely, 1470° C., 
but this is only true of very small particles. The 
thermal conductivity is so low that larger pieces 
of silica do not show any signs of fusion below 
1790° C. (Cone 36) and even the crude silica rocks 
'ulied for bribk manufacture have a refractoriness 
of Qone 34 to 35. Some -of the published figures 
for the refraotqriness of ,silica rocks and of ther 
bricks made from them are greatly exaggerated. 

V. 

Chemical Composition. 

The smaller the amount of impurities in a <sili£a 
rock, £he better will the latter be for brick manu¬ 
facture, ' provided that the physical properties of 
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the material .are suitably Epical analyses am 
shown in Table V— 


Tabus V.— Asalysk* of Silica ftorits. 


. 

Yorkshire. 

Durham. 

X. Wales. 

S. Wales. 

- • 

L % 

o/ 

•o 

~ 0 7i 

o 

O' 

'O 

Silica 

97-0 

97-6 

97-4 

98-7 

Alumina . 

0-7 

0-5 

M 

0-3 

Ferric oxide 

0-9 

•09 

0f» 

03 

Calcium oxide . 

0-1 

6*3 

0-1 

0-1 

Magnesium oxide 

0-1 

01 

0-1 

0-1 

Soda 

01 

0-1 

0-2 

0-1 

Potash 

0-2 

01 

0-1 

01 

Water 

0-9 

0-4 

0-5 

0-3 


It is undesirable for the rock to contain more 
than 6 per cent of alumina and metallic oxides, as 
these increase its fusibility. The chitff “ impurity ” 
in gangster is clay which, in moderate proportions, 
forms a useful bond and does good rather than harm. 

Minciralogical Composition. 

This has been described on p. 34. 

Acidic Character. 

Silica behaves precisely liko an insoluble acid ; It 
combines, at a sufficiently high temperature, witli 
bases and alkalies filming silicates of varying 
complexity and fusibility. Thus,,with lime, silica 
forms two'silicates—CaO-SiO, (metasilicate) and 
2CaO'SiO, (orthosilicate), containing respectively 
61-7 per cent and 34-9 per *cent of silica. When 
fused, both these silicates form glassy materials which 
?ool tfl either a glassy or crystalline mass, according 
to the conditions. Crude caloium metaSilicate in 
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the predominant fused plicate in silica bricks; it 
ismsually contanfinated with sodium, potassium and 
magnesium silicates. 

Plasticity. 

Silica rocks, even when crushed, are devoicP of 
plasticity, but they develop sufficient cohesion when 
mixed with milk of lime to enable them to be 

, 4 

moulded into bricks and other simple shapes. 
Crystalline silica, which has been ground in water 
to an impalpable fineness, and gelatinous silica are 
both feebly plaNtic. 

Expansion. 

When silica, rock, or an unfired brick made from 
it, is heated it expands, the total increase in volume 
being about 20 per cent; this corresponds to a 
linear expansion of about § in. per brick. Much of 
the expansion occurs during the burning of the 
bricks in course of manufacture, but if the burning 
has not been sufficient the bricks will continue to 
expand when in use at high temperatures. It is 
ahnost impossible to prevent a small amount of 
expansion in'use, as the burning is never fully 
completed but such expansion is not objectionable 
if it is less than p-75 per cept linear. * 

The expansion is due to the coftveteion of the 
quartz in the raw t materials to tridymite and 
cristobalite, which are'more bulky forms of silica. 

The extent to which a further expansion is likely 
to ocaur may be judged from the true Specific 
gravity ok the powdered bricks (see p. 31). 
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Effect of Heat- 

The effect of heat on silica is fchiedy to confert*lt 
into tridymite or crietobahte—the only two forms 
which‘are stable at high temperatures. This con- 
verslbn hah been described on p. 30. Silica does 
not decompose on heating, like clay, but its atoms 
are rearrtmged in some way at present not under¬ 
stood, so that the effect of*Jieat is almost the same 
as if two new compounds had been produced. The 
change is by no means simple and, on cooling, the 
silica very slowly reverts to quartz. As the silica 
is never quite pure, there is always some silicate 
formed if the material is heated to a high tempera¬ 
ture (see p. 05). TheSe silicates fuse and fill up 
the interstices in the material, thus binding the 
particles of silica into a hard mass which is very 
resistant to crushing. 

Effect of Water. 

The effect of water on silica is ordinarily quite 
inappreciable, though actually there ht a very slight 
solvent action. In this respect silica rocks differ 
greatly from clays (p. 85). 

Specific Gravity. 

The specific gravities of the various forms *of 

silica are shftwrf on p. 31. 

•* 

Other Properties 

* Among the less important properties of silica are 
ifb hardness (greater than orthoclase and softqy than 
topaz); its very low thermal conductivity which 
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makes ft excellent jfor fte construction of furnaces,' 
etc., and its resistance to acids, with the exception 
of hydrofluorjp acid, in.which it is soluble with 
decomposition and formation of gaseous silicon 
tetrafluoride.* ‘ 


FUSED SILICA 

Silica which has beenefused in an electric furnace 
is extensively used for the manufacture of pyro¬ 
meter tubes, crucibles and other articles of a refrac¬ 
tory nature. It resembles glass in many respects, 
but is much more resistant to heat and is entirely 
insensitive to sudden changes in temperature. A 
crucible made of fused silica* can be heated to bright 
redness and then plunged into cold water without 
any serious effect. This remarkable property is due 
to the extraordinarily low coefficient of expansion 
of fused silica. 


BAUXITE 

Bauxite is <a hydrous oxide of alumina of very 

variable composition and properties. It is chiefly 

6f value as a source of alumina. , 

‘» . 

Occurrence. 

•Several deposits of bauxite which are quite uselesrf 
for refractory purposes occur in different localities, 
but for furnace liftings and the 'manufacture of 
firebricks,'etc., the relatively pure, white bauxites 
must be used. The bauxites of the South of Stance, 

V « 

. * Fot father information on ulica no the author*! Btjnxtory 
fdqieriaU ; their Manufacture and Ufee (Griffin). 
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North America and India *fs ohfefly used % refrac¬ 
tory purposes. The red varieties dbntain tooenush 
iron, but this may bg separated if tijo bauxites are 
mixed«with coke and heated in a blast furnace. 

Ratrwtoinau. 

The white Varieties of bauxite have a refrac¬ 
toriness corresponding to^from 1800 to 2000° C. 
(Cones 36 to 42); some of the red varieties are 
nearly as refractory when heated in an oxidizing 
atmosphere, but under reducing conditions the 
resultant iron melts at about 1550° C. 

Chemical Composition. 

The bauxites suitable for refractory purposes 
should consist almost wholly of alumfha and water, 
though a the presence of not more than 6 per cent of 
other impurities is not usually objectionable. The 
water is removed on heating and thus has the effect 
of making the proportion of impurities much larger 
in -(he calcined bauxite than in the raw material. 
The chemical composition of bauxitd is so variable 
that no single set of figures can be regarded as 
typical. Further information thercon # will, howcvg!, 
be found in the author’s Refractory Materials; 
their Manufacture and tJses. 

Mineralogies! Composition. 

It is highly* probable that ^ bauxites originated 
as colloidal mixtures of ferric and 'aluminium 
fiydfoxides; this would account for their very 
variable composition and properties. Thev appear 
to bo wholly amorphous. 
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Character. 

t % 

‘Bauxite, like alumina, sometimes acts as a base 
and sometimes as an acid. It is attacked by various 
metallic oxides, formiife aluminates in which it 
plays the part of an acid radicle. It is also attacked 
by acids ; then it acts as a base and forms aluminium 
salts. When used as a refractory material it is 
largely neutral, but will"act as first described if the 
ciroumstances are favourable. 


Plasticity. 

Bauxite is normally devoid of plasticity, but 
occasionally portions arc found which are slightly 
plastic. 


Shrinkage. 

Bauxite shrinks very greatly when heated, and 
evolves a large, but variable, proportion of water. 
It is, therefore, necessary to calcine it fully before 
it can be use$ in the manufacture of bricks, etc. 
Fortunately, the greater part of the water is eom- 
fjetely removed at temperatures below 1000° C., so 
that bauxite* does not require so h : gh a firing 
temperature as sbme other materials. If raw 
bauxite is made into bricks, these crack so badly, 
when heated that they are useless. 


Effect of Eeat 

When raw bauxite is heated it is decompesed, 
and \ variable proportion of water is evolved, 
leaving i‘ soft, white or creamy amorphous mass 
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•resembling burned fireclay, w With the evolution of 
the water the material shrinks, fend on further 
heating the shrinkage continues though to a much 
smaller extent. If the heating is prolonged at a 
temperature of 1700° C. or above, a further shrinkage 
occtlrs and the bauxite is converted into a form of 
oorundum. If heated to fusion and then allowed to 
cool slowly, crystalline corundum is produced. This 
is the most refractory form of alumina; it has a 
melting point of about 2000° C. 

Specific Gravity. 

The specific gravity of raw bauxite is 2-9; on 
calcination it rises to 3-9 to 3 2 ; and on fusion and 
recrystallization it rises to 3-9, the sjyicific gravity 
of corundum. 

As the intermediate amorphous form produced 
at about 1000° C. is sufficiently stable for most 
purposes, the denser product is seldom produced 
on a large scale as a refractory material, though it 
is extensively used as an abrasive. 

Other Properties. 

Bauxite is soft and friable, but the corundufti 
produced by heating it tosa sufficiently high tempera¬ 
ture is one of the hardest substances known. The 
thermal conductivity of bauxite is similar to that 
of fireclay but the thermal conductivity of corundum 
is nearly three times as great. • * 

The chief value of bauxite is as a highly refractory 

See Abrasive*, by A. B. Seurln (“ Pitman's Techn^al Primer 
Series," 2*. 6d. net). 
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and largely inert fcatereal, which cap be added to* 
ikoclay to incrdhse the refractoriness of the latter. 
Its use—in tfce form o{ corundum—as one of the 
most infusible material* is growing, but the«cost of 
its production iif still regarded as prohibitive 4o its 
extended uSe.* 

ZIRCONIAf AND ZIRCON 

Zirconia—the oxide of the metal zirconium— 
promises to be one of the most valuable refractory 
materials yet discovered, on account of its 
extraordinarily high refractoriness. 

It is found chiefly in Brazil, where it occurs in 
enormous quantities though in a very crude state. 
Its refractorihess is affected by a very small propor¬ 
tion of impurities, so that the oxide should be 
carefully purified before use. Attempts to use crude 
zirconia have led to unsatisfactory results and to 
some undeserved prejudice against zirconia. 

Texture. 

, The crude zirconia is supplied in the form of a 
■dark grey or<brownish sand, but the purified zirconia 
is in the form of a' fine snow-white powder. 

9 

Refractoriness. 

No reliable figures have been obtained for the 
refractoriness of pure zirconia; it appears to be 
extremely high. 

fc * 

* Fbr farther particulars see the author's Refractory Material* ; 
their Manufacture and Unc ( Griffin). 



HAOKU&TX 


103 


Shrinkage. 

The freshly precipitated zirconia shrinks gfeatly 
on heating; in this resjfcct it resembles lightly 
calcindtl magnesia. When'fully heated, however, 
its shrinkage rapidly ceases. 

Other Properties. 

Zirconia is so inert that * t behaves in a neutral 
manner to the oxides and bases met with in ordinary 
furnace conditions but, when in a finely powdered 
state, it can be fused after mixing with sodium 
peroxide. It is devoid of plasticity and is quite 
unaffected by heat, water and acids. 

Zircon (zirconium silicate). 

This is a highly refractory material which occurs 
in commercially valuable quantities in Madagascar. 
It has most of the inertness and high refractoriness 
of zirconia, but is more difficult to obtain in a pure 
state. It is slightly inferior to pure zirconia but 
much cheaper, and is superior to the crude zirconia 
from Brazil. 


MAGNESITB 

Magnesite is the material from which magnesite 
bricks are made. It is not found in commercially 
valuable quantities in the British Isles, but is 
imported from Styria, Greece* Australia, Canada, 
aSid Jndia. 

•Magnesite is a white rock composed of relatively 
pure magnesium carbonate, though the natural rook 

fr—(W78) 
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usually dias numerous intrusions of other minerals, > 
which bust be Separata! by the quarrymen. 

The raw magnesite is quite unsuitable for use as a 
refractory material on account of its great shrinkage 
when heated to high temperatures. This shrinkage 
is partly dfle to the loss of carbon dioxide which 
constitutes about 47 per cent of the magnesite, and 
partly to changes which occur in the resultant 
magnesia when the latter is intensely heated. 

Magnesite is usually calcined in the country in 
which it occurs and is imported in a calcined state. 

Before it is fit for use as a refractory material it 
should have been heated to such an extent as to 
render it completely dead burned,* but as this 
requires prolonged heating at 1700° C., the imported 
product will usually bo found to shrink considerably 
on being reheated, even at 1400° C. Properly dead- 
burned magnesia has a true specific gravity of 3-6 
to 3-65, whereas the lightly calcined material may 
have a specific gravity as low as 3-0. 


Colour. 

.'^Grecian magnesite is almost white when dead- 
burned, but the , Styrian product is very dark 
ooloured on account of the iron present in it. Iron 
oxide is sometimes added deliberately to magnesite, 
in order to reduce the temperature necessary to 

* A refracflbry material is said to be “ dead-burned ” when it 
has been heated to such an extent that no further change <n 
volume occurs when the material is reheated at the same or 
some iugher temperature which is not sufficiently high, to ctue 
fusion. Ti^e reasons for “dead-burning" the magnesite are 
given on pp. 45 and 46. 
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“ dead-bum ” t it, though the refractoriness of the 
magnesite is reduced by tins additton. 

Refractoriness. 

TBe melting point of pure magnesia is about 
2000° C.; thev refractoriness (p. 1) of the best 
commercial dead-burned magnesite is about Cone 
38, but when much iron oxfde is present the refrac¬ 
toriness is sometimes no greater than that of fireclay 
or silica. 

Chemical Composition. 

As previously stated^ the dead-burned magnesia 
should consist of almost pure magnesium oxide, but 
the presence of about 4 per cent of iron oxide and 
of about 5 per cent of silica and other impurities, 
is not usually objectionable. 

It should be noted that the most objectionable 
impurity in magnesia or magnesite is silica; this 
combines with the magnesia to form fusible silicates 
which reduce the refractoriness of the material. 

JBneralogical Composition. 

Magnesite is the crystalline* mineral form of 
magnesium carbonate. ,When calcined it forms 
amorphous (magnesia, together with a variable 
proportion of magnesium and ( other silicates, due 
to the impurities present. On being ifeated still 
fftrtber, to a temperature of about 1700° C., the 
irikgneSia is converted into a more condensed form 
which, when crystalline, forms the mineral perickue 
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consisting of pure.magWesia, whilst,the imparities* 
ill tile mass odbufiy the interstices between the 
crystals of periclase. <Unlesp the final product 
(bricks, crucibles, etc.) tontains a large proportion 
of periclase, it #ill be unduly sensitive to sudden 
changes in temperature. 

Basic Nature. 

Magnesia is a typical base; it neutralizes all 
acids, with the formation of magnesium salts ; when 
the acids are silica or clay some of the resultant 
salts are silicates. The complex silicates, when 
fused, form basic slags. Magnesite also neutralizes 
acids, with the formation of the corresponding salt 
and the ovolfition of carbon dioxide gas. 

Plasticity. 

Dead-burned magnesia is wholly devoid of plasti¬ 
city, but can be made feebly plastic by mixing with 
it lightly calcined magnesia which has been ground 
extremely fine in water, so as to produce a colloidal 
material. 

Shrinkage. 

• 

The great shtinkage which occurs when magnesia 
is heated has already been mentioned (p. 104). 
For this reason it,is important tKat the material 
should be‘fully burned before it is made into bricks, 
etc. The shrinkage is least when the maghesile 
has been calcined, and partially fused in an^lectMc 
furnace, such a product being richest in periclase. 
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Effect of Heat- 

The first effect of heat on magnesite iB to decom¬ 
pose it with evolutisn of’carbon dioxide and the 
formation of a very light magnesia. On prolonged 
heatftig at* a steadily increasing temperature the 
magnesia beccgnes more compact and eventually, 
if the teftnperature be sufficiently high, it is con¬ 
verted into the dense fdtm which, on cooling, 
crystallizes as periclase. This change is accompanied 
by a marked increase in the specific gravity, which 
rises to 3 60-3-65. The periclase appears to be 
stable at all attainable temperatures. 

Effect of Water. 

Water has no effect in raw magnesite, but it 
gradually attacks magnesia, with the formation of 
the soluble magnesium hydroxide. The lightly 
calcined magnesia is the most readily attacked by 
water, but oven the dead-burned material of maxi¬ 
mum density is slowly attacked by water and more 
rapidly by steam. All forms of magnesite and 
magnesia are soluble in acids. 

Specific Gravity. 

- The specific gravities, of the various forms *of 
magnesite and magnesia are shown on p. 4l 

DOLOMITE! 

Dolomite is a double carbonate produced by the 
d^rstalfization of a mixture of calcium and magne¬ 
sium carbonates. It contains about 45 j^r cent of 
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magneeihm carbonate a^d 54 per oent of oatoinm 
* cArbo&ate. The'material commonly spoken of as 
“ dolomite ” ia this country, is not a true dolomite 
but a magnesian limefctone, and consists »of an 
irregular mixturl of magnesium and calcium* car¬ 
bonates with only a very small proportion of the 
double carbonate in definitely crystalline form. 

Dolomite is less valuable than magnesite as a 
refractory material, as the lime in it is objectionable 
and reduces its durability. Dolomite and magnesian 
limestones are, however, largely used for lining steel 
furnaces on account of their being so much cheaper, 
in first cost, than magnesite. As they are less 
resistant the more expensive'dead-burned magnesite 
(if properly prepared) is actually the cheaper in 
the end. 

CHROMITE 

Chromite is the mineral form of chromium oxide, 
but the pure material is never used for refractory 
purposes as chrome iron ore is much cheaper 
and quite satisfactory. The Norwegian ore con¬ 
taining 40 per cent of chromium oxide and not 
nvne than 6 per cent of silica is chiefly used. 

Chromite is so inert that it acts as a neutral 
material (see Chromite Bricks, p. 50). Chromite 
has a specific graVity of aboftt 4-5 an<j a refractoriness 
greater than Cone 42 (i.e. over 2000,° C.Y 

GRAPHITE 

Graphite or plumbago is a form of carbon Which 
ooour# ^s a mineral. The Ceylon graphite Is 
preferred as a refractory material. 
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It should be carefully selected as to be free from 
obvious impurities. Pure*|raphittf consists ‘wholly 
of carbon but the, commercial material seldom 
contains more than 98 par cent of carbon. It 
shoifid be orushed to a moderately fine powder but 
not excessively fine; that which passes readily 
through »a 40-mesh sieve, but is free from much 
“ dust,” is usually satisfactory. Graphite which is 
too coarse produces weak* and porous crucibles; 
graphite dust makes the crucibles too dense so that 
they are liable to crack when lifted out of the 
furnace. 

Refractoriness. 

Pure graphite is quite infusiblo, and the commer¬ 
cial material is quite unaffected by any temperature 
attainable on a large scale provided air is absent. 
In an oxidizing atmosphere it bums away slowly 
without fusion. 

Character. 

Graphite is completely neutral to both acids and 
alkalies and iR exceedingly inert. It can, however, 
exert a slight reducing action on metallic ores heat^tf 
in contact with it. Graphite is slightly soluble in 
steel and in some other alloys. 

Shrinkage. t 

Graphite is'heldom used alone as a refractory 
material as it is devoid of plasticity. When mixed 
♦itk fireclay it does not shrink appreciably, and 
Aerefbre reduces the shrinkage of the clay with 
which it is mixec 
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Effect of Heat. 

c r 

’in an oxidizing atmosphere, graphite or plumbago 
slowly bums A way, but fts rate of combustion is so 
small as not to, be of serious importance." In a 
neutral or ^educing atmosphere, pure "graphite is 
quite unaffected. 

Effect of Water. 

Water has no effect on graphite, except in the 
event of freezing, when the expansion of the water, 
as it is converted into ice, tends to disintegrate 
large pieces of graphite. 

Minor Properties. 

Graphite is exceedingly soft, having a hardness 
of only about 1 on Mohs' scale; it has. a high 
electrical conductivity. 

COKE, LAMPBLACK AND CHARCOAL 
Coke, lampblack and charcoal are occasionally 
used as substitutes for graphite in the manufacture 
of crucibles, but they are not desirable materials for 
tiffs purpose .' For further information on graphite 
and itB substitutes see the author’s Refractory 
Materials ; theix Manufacture and Uses. 

CARBIDES • 

Various barbides have been suggested as suitable 
for the manufacture of refractory articles. Thee one 
most extensively used for this purpose is 'kilicdn 
carbide—inore commonly known as carborundum— 
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' whioh is made by heatings mixture of sand and 
coke in an electrio fumace?*when the carborftudum 
forms one of the product^ It does not occur in 
nature* Other carbides and carboxides are manu¬ 
factured in .a similar manner and are sold under 
various trade names.* 

Carborundum is obtained as a mass of crystals 
almost black in colour and pf intense hardness. 

Refractoriness. 

Carborundum is extremely refractory and is 
practically infusible. If heated in a current of air 
it decomposes, and its surface becomes covered 
with a film of fused,.silica. This must not be 
mistaken for a fusion of the material {is a whole. 

Chemical Composition. 

Silicon carbide in its various forms corresponds 
very closely to the formula SiC, and contains 70 
per cent of the element silicon and 30 per cent of 
carbon. Some of the other products formed at the 
same time contain a small proportion of oxygen, 
and are approximately represented by the formulae 
Si,CjO or Si 7 C,0, or any intermediate* composition! 

Effect of Heat. 

When heated in a current of air, carborundum is 
slowly decompefeed, leaving a residue of silica, but 
if the temperature is sufficiently high fof the silica 
t & be fused a coating of this material is formed on 

* See Abrasive Materials, by A. B. Searle 1“ I^tman'e 
Technical Primer Series," 2a. (id. net). 
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the surface of the carborundum and any further, 
deoomixwition <takes place so slowly that the 
oarborundum may be regarded as soaroely affected. 

Other Properties, 

Carborundum has a hardness of 9 on Mohs’ scale, 
so that it is as hard as corundum and . only less 
hard than the diamond It does not shrink when 
heated, unless the conditions are such that it is 
gradually decomposed (p. 111). It is quite devoid 
of plasticity. Its thermal conductivity is inter¬ 
mediate between that of carbon and that of silica, 
hence it is useful for muffle-walls and other purposes 
where a good transmission of heat is required. 
Small crucibles for laboratory use made of car¬ 
borundum are quite satisfactory for some ignition 
tests and ash-determinations. Like graphite, car¬ 
borundum is largely inert and neutral. At high 
temperatures it is corroded slowly by Bodium 
compounds and very quickly by red lead, but it is 
not appreciably affected by hydrofluoric acid. 



CH’APT&t IV 

SHAPING THE WARS 

The majiufacfure of refractory articles follows 
certain general lines, quite apart from the nature 
of the raw materials used.* For example, all the 
refractory materials are first reduced to a moder¬ 
ately coarse powder, by means of powerful crushing 
and grinding machinery (Fig. (i); large pieces are 
removed by sieves and reground. The ground 
materials are then mixed together in suitable propor¬ 
tions, sufficient water being added to produce a 
paste of consistency suitable for the succeeding 
process.* The mixing is usually effected in one or 
more pugmills (Fig. 7), which consist of a case 
containing a long shaft fitted with rotating blades 
or arms, which effect the mixing. The pugmills 
may be vertical or horizontal or one of each type 
may be used. 

Pugmills tend to introduce air bubbles into tljp 
paste, and where this is objectionable, or where*a 
more thorough mixing ie required, an edge-runner 
hr pan mill is used, which closely resemblfis. a 
mortar-mill J^aee. Fig. 8).* 

• • 

Consistency of Paste. 

* If* the articles are to be shaped by hand or in 
plkstef moulds, a soft plastic paste will be required, 
but if they are to be extruded from a nAchine, or 
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shaped in a power-driven press, a mqoh stiffer paste* 
is desirable. 

The soft paste should usually be of such a 



Fig. (1.—.Taw-crusher. 

(Cross section.) 



, FlO. 7.—PlTOMILI.. 
(Part section.) 


< consistency that when it is squeezed in the hand it 
retains a clear impression of the fine lines on the skin 
but does not adhere to the fingers. The consistency 
of the stiifer pastes must be adjusted to stdt the 
particulab machines in which they are used. 
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Haad-monlding. 

Firebricks made by hand are st’il! preferred Ify 
many furnace builders, who regard them as more 
durablfi than machine-made bricks. The mould 
(Fig.*9) consists of a frame of wooS.,* brass or iron, 



Fid. 8 . —Edoe-runneii Mii.l. 


which may be large enough to'hold eithor one or 
•two bricks. The moulder picks uft sufficient paste 
to fill the mould completely, and throws thb paste 
violently into*the mould. He may then beat or 
“ thwack ” the mould with a.ffat non-shbd wooden 
tool? cut off any surplus material with a wire, turn 

* The wooden frame may be fined with any suitable metal 
to increase its durability. * 
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Fig. 9.—Mould 
for Hand-hade 
Bricks. 


the mould over, and deposit its contents either on* 
a small hoard/or on 'the floor of the workshop. 

The mould is then wetted or 
“dusted over” and is ready 
to be refilled. 

This process is used, with 
slight modifications,- for all 
kirds of firebricks, and for 
many of the larger blocks. It 
is simple, rapid and involves a 
minimum of capital expendi¬ 
ture. It requires far more skill 
than is apparent at first sight 
and the work is, at all times, 
hard and strenuous, though much 
lighter with silica than with some 
clays. Where a large output is 
required, the moulder is usually 
provided with two assistants—a 
clot maker who prepares the mass 
of paste and shapes it roughly for 
the moulder, and a carry-off boy 
who takes the moulded bricks and 
Sbposits them on the floor. 

Unless ihe moulder and his 
assistants are dexterous, the 
bricks !may easily be misshapen or 
damaged. 

Larger Mocks are made in the 
same manner, but the mould is placed on the floor, 
mid is'filled gradually, each handful of paste being 
energetically pressed into position in such a manner 


Fig. xo. 
Betort in 
Mould. 

(Sectional view.) 
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»as to fonn a uniform masi* quite free from joints. 
A short time after the artitle has been macht the 
mould is either drayn away as a # whole, or it 
is dismantled and the pietfes removed separately. 
Wooden moulds are usually employed, but plaster 
ones are used for more elaborately shaped articles. 

Retorts are made by lining a mould to the required 
thickness with the paste. As some retorts are very 
long the moulds are usually'made in several pieces, 
as in Fig. 10, which shows a sectional view of a 
three-piece mould. The lowest part is lined first; 
the second piece is then bolted on to it and lined, 
after which the third portion is added and similarly 
lined. Sufficient time must bo allowed to enable 
the paste to stiffen sufficiently before the second 
and subsequent parts of the mould are added. When 
the retdtt is sufficiently stiff to stand alone the 
mould is dismantled and the retort is allowed to 
dry slowly. 

Machine Pressing. 

A fairly stiff paste may be compressed to the 
desired shape in steel boxes or dies by means of 
mechanically-applied pressure. Various types St 
presses are employed, including screw-presses, toggle- 
lever presses, hydraulic presses, etc. In each case 
a plunger ow “ head ” is brought into contact with 
the material, ffltces it into a box or die, and then 
applies a prearranged pressure. Bricks *and other 
articles made in this manner appear to be more 
a&urafe in shape than those made by hand, but 
unless the refractory mixture is very carefllly made 
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from skilfully selected (materials the articles may* 
be ted dense to be durable. For this reason the 
pressure applied should pot be, more than is sufficient 



from bolow. 

R - Gear In a. * 

F and G * Faat and looeo pulleys. y 

to make articles of a good shape ; further compres¬ 
sion ihay deteriorate instead of- improving the 
article. Presses may be used for powdered materials 
in almost 8 dry state„but this is not usually desirable 
except for small articles. The presence of a .little 
water acts as a lubricant, greatly facilitating the 
movemei> of the particles over each other when 
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(subjected to pressure, and i&eults in the production 
of stronger and more dur&ble articles as vUll «s 1 
greatly reducing the amount of powej required. 

A typical press of the toggle lever type is shown 
in Fig. 11.. The material is placed in the box A, 
compressed by the plunger B, operated by the 
toggle leqprs on the shaft C which, in turn, is driven 
by the pulley F, through the gearing E, Simul¬ 
taneously, an’upward pressure is applied to the 
material through levers attached to the lower 
shaft D. The latter also raises the finished article 
from the box A and so facilitates its removal. 

In the case of silica and other non-plastic or very 
feebly plastic material^ sufficient water should be 
added to give the mixture the consistency of “ wet 
sand ” similar to that which gives the best results 
in building “ sand castles ” at the seaside. Presses 
may be used for hollow ware as well as for solid 
artioles. The small refractory parts of gas burners, 
electric radiators, etc., are usually made of a mixture 
of fireclay with asbestos, grog, or other non-plastic 
refractory materials, but some of them are made 
of highly complex mixtures. The various materials 
are dried, ground to powder, mixed* in a dry A/ 
almost dry state, and then shaped by compression 
in fly-presses worked by hand, fymetimes it.is 
possible to press a dozen or more of such Articles 
at a time, by**using a power-driven press. This 
method of shaping ensures great accuracy with 
rigaid to size and shape, which is so essential when 
a Refractory part has to be screwed or cemented 
into an article of which it forms only a^rart. 
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* Articles mad6 by hAid-moulding are sometimes 
improved in shape by pressing them mechanically. 
This is known as “repressing.” It has the dis¬ 
advantage of deStroying the original texture Of the 
mass so that, although the shape is improved, the 
crushing strength is reduced—sometimes to a serious 
extent. 


Extrusion. 

A particularly convenient method for producing 
bricks and blocks without any “ frog,” also tubes, 
pipes, and some kinds of hollow blocks is that known 
as “extrusion.” A mouthpiece or die of suitable 
shape is fitted to the outlet of a pugmill or similar 
machine, and the clay paste is forced through it in 
such a manner that the extruded mass*has the 
form of a column of the desired width and thickness 
but of indefinite length. This column is then cut 
by a series of wires stretched on a frame and so 
produces a number of articles of the desired length. 
Thus, for fireclay bricks the opening in the mouth¬ 
piece is usually about 9} in. x 6 in. (so as to allow 
Tbr a shrinkage to 9 in. x 4| in.), and the column 
is first cut into pieces about 2 ft. in length ;' each 
piece is then cut by a series of wires placed 2f in. 
or 3|*in. apart on a frame. Eight or ten bricks 
are thus produced by one movement of the cutting 
device. 1 

The type of machine usually employed is sho#n 
in Fi(,. 12. The clay or plastio mixture is supplied 
to the cashing rolls A, which crush it into thin 



SHAPING TBS WARE 


121 


•sheets and deliver it to theetrough mixer B, below. 
The paste is there mixed with waftr (if necessary) 
and passed into the pugmill C, whqje it is mixed 
still more thoroughly and Is then passed through 
the dollar or extension D, into tHfe mouthpiece E, 
where it is converted into a column of the desired 



A --=* One of a pair of crushing rolls. 

tt — Open mixer, containing revolving knives. 

C ~ Closed mixer or pugmill. 

D ■» Collar, connecting V and E. 

E » Mouthpiece or die, which sliapes the clay. 
F « Frame of machine. 

O, H — Fast and looee pulleys. 

/ - Gearing. 


shape. As the material passes out of E, it is erft 
off by wires into pieces of the required size. 

This process is simple, cheap and effective ( it 
requires a material of moderate plasticity pnd "so 
is not applicable to silica bricks. It is commonly 
known as the Wire-cut Process of making bricks, etc. 


JNtating and Jiggering. 

hollow-ware articles are made in* large 
quantities it is often convenient to use J jigger or 
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Fig, 13.—Jolley, Makin6 
Crucible. 

(Mould thorn in suction.) 


jolfey(Eg 13). In* 
that case, a plaster 
mould is mounted 
on a vertical re¬ 
volving* spindle 
beneath a vertical 

I 

or inclined holder 
harrying a " profile " 
or shaping tool. A 
mass oi paste is 
placed in the mould 
which is then ro¬ 
tated at a suitable 
speed, and the 
profile-tool is gently 
lowered on to the 
paste, a moderate 
pressure being 
applied. The paste 
is displaced by the 
profile and flows 
towards the mould, 
so that in the course 
of a few seconds it 
has assumed an 
external shape cor 
responding to that 
of The mould, and 


an internal shape 
corresponding to the profile. As soon as the paste 
oeasesto move, the profile is released and rites (flit 
of the wa'j', any surplus paste is cut off with a^ knife 
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and (he moukj with its centents is takento the 
drying stove. ' 

This method is specially suitably for crucibles 
and oifcer hollow ware with a symmetrical interior 
as Well as. for discs, plates, lids, knobs and a 
considerable variety of other articles. 



Fig. 14.—Potter’s Wheel. 


A — Rotating table or wheel. 

B — Spindle, carrying the wheel. 

C - Driving pulley. • • 

D — Friction dutch, connecting fi and C. 

K * Treadle, operating levers F, and clutch D. 

F System of levers formln&a regulator for speed of clutch D. 

Throwing. 

One of the earliest methods of working plastio 
nfaterials is that known as “ throwing ” on a potter’s 
wBeel {Fig. 14). In the manufacture of refiWotory 
materials this process is mainly confined #5 crucibles 
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and lids, and has largeljfrbeen displaced by jolleying,* 
dt pressing, whifih processes are quicker and require 
less skill. i 

When “ throwing ” a crucible, the pottea places 
a mass of paste dh a revolving table (which he terms 
the “ wheer ”) and by manipulating the rotating 
parts with his hands he presses and draws, it to the 
required shape. Small guides or'indicators mounted 
on a stand near the “ wheel ” enable him to judge 
with sufficient accuracy whether the article is correct 
in size. The finished article iB cut from the surplus 
paste by means of a wire and removed. 

Though apparently one of the simplest of processes 
throwing requires a great amount of skill; hence 
its displacement by other methods. 

Hand-modelling. 

Large pieces of special shape, such as tank blocks, 
retorts and the large “ pots ” used for melting glass 
are usually shaped by hand. Pieces of paste are 
pressed forcibly on one another until the article is 
produced in a crude form and it is afterwards 
scraped or “ tooled ” to make it precisely of the 
desired shapA. In some cases, only a small portion 
of Jtho article can' be “ b'ailt up ” at a time; it 
must then be .allowed to stiffen before the next 
quantity of paste is added. In this way a week or 
more may be required to make softie goods. 

Considefable skill and ingenuity are required in 
modelling refractory articles by hand; the ahapiiig 
is not 1 , in itself, difficult but the precautions' which 
must be K.ken to make the material homogeneous, 
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and to balanoe the thickness of the various parts 
go as to avoid cracks duripg manufacture ty use,* 
call for conscientious, and ^killed workmanship. 

Casting. 

When a material consists of small particles which 
are capable of suspension in water, or in a very 
dilute solution of“ soda 05 . caustic alkali, such a 
suspension (commonly known aH a “ slip ”) may be 
used for “ casting.” For this purpose, a plaster 
mould of suitable shape is filled with the prepared 
slip and allowed to stand for a length of time which 
must be ascertained by trial. The superfluous slip 
is then poured out and the mould with its contents 
set aside to dry. As the plaster mould is absorbent 
it withdraws water from the slip, leaving a deposit 
of solid material uniformly distributed over the 
interior surface of the mould, so that when the 
superfluous slip is poured off a perfectly shaped 
article remains in the mould, and can bo removed 
when sufficiently dry. , 

This process is applicable to non-plastic as well 
as to plastic materials, provided that a suitable 
suspension can be obtained. This is usually the 
case when the substance can bd partially converted 
•into a colloidal form, such as is produced by'pro- 
longed grinding in water. When a plastic material, 
suoh as clay, is*one of the ingredients of the slip, the 
casting process is greatly facilitated. »Thus, mix- 
lures consisting of a large proportion of grog (p. 89) 
iftth tk small proportion of fireclay, have foj many 
years been used for casting large crucih&s, and for 
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the still huger “ potar" used for < melting glass* 
(Fig. 4, p. 67). • 

Glam-working' Methods ■' 

The methods 6f working which are mainly con- * 
fined to the glass industries, have been used with 
great success in the shaping of vessels .made of 
fused quartz. A littlq of the c fused material is 
taken on to the end o? a pontil or‘blowing tube, 
into which compressed air is then admitted. As a 
result, the fused quartz is gradually converted into 
a large “ bubble ” which, when cold, may be out 
into discs or plates, or the “ bubbles ” may be 
drawn into tubes, or madq into flasks, etc. If a 
suitable mould is used, the “ bubbles ” may be blown 
therein so that the articles have the shape of the 
mould. 

Alternatively, articles of fused quartz may be 
laboriously built up by fusing pieces of the material 
together. 

Great manipulative skill is necessary in the 
shaping of fused quartz and, at present, very few 
men have the necessary ability to make such ware. 
Those who are able to do so show remarkable 
dexterity and ingenuity, "and when the refrac¬ 
toriness of the material is considered some of the- 
ware niade of fused quartz is really remarkable. 



CHAPTER V 


DRYING 

Most articles made of refractory materials can be 
dried without much difficulty, provided that the 
temperature is not* raised too rapidly and that all 
“ draughts ” are avoided. 6n the other hand, very 
large articles, such as the “ pots ” used for melting 
glass, retorts, etc., require very great care. 

Effective drying may be based on either of two 
principles— 

(1) The articles may be placed in a chamber where 
they will not be exposed to draughts, but where 
there is sufficient ventilation to dry them completely 
(see Fig. 15). The temperature may be raised so 
slowly—particularly at first—that there is no danger 
of cracking, and the goods may be removed when 
they are dry. This method is effective, but very 
slow ; it may be hastened by using \ tunnel-shaped 
chamber (Fig. 16) through which a slow ourrent of 
air of suitable temperature is drawn continuously, 
the volume of air and its temperature being carefully 
regulated so as not to "damage* the goods. Such 
tunnel-dryers require vjry large outputs in order 
that they may be worked economically, butf if well 
designed they the quite satisfactory. For medium 
and small outputs the drying chamfer usually 
consists of a large shed, the floor of which is hollow 
aifd Mated by steam, fires, or waste gases from the 
kfin and boiler. Such hot-floor dryers are wasteful 

1*7 . 
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in heat, and somewhafj irregular 'in action but, on* 
the fdiole, they are yUite satisfactory where the 
output does not •justify, a mpre efficient but more 
expensive type of dryet. . 

(2) The articles may be placed in, an airtight » 
chamber in? which they are heated rapidly to a 
temperature of about 190° F. (87-5* C.), the atmo¬ 
sphere in the chamber being, meanwhile, kept fully 



Fio. 15. —Cupboard Type of Dryer. 

(Crow Section.) 


saturated with moisture, by the injection of steam. 
The hot saturated air must be maintained in a 
eenstant state of circulation, so as to heat every 
part of the chambei and its contents quite uniformly, 
and without aqy risk of surface-drying. This can 
only be assured by the use' of devices vthich control 
the humidity and temperature automatically, and 
by a well-designed System of air-circulation. 

When the goods have been heated throughout to 
the dqsired temperature, the saturated air is "gradu¬ 
ally replaced by air at the same temperature but 
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with a leaser proportion of ifater. This unsaturated 
air immediately takes up jvatcr {torn the *goocb, 
drying them rapidly, yet,safely as 4 with proper 
control no hardening of tfie surface of the goods 
can ftccur until all the moisture Was been removed 
from their interiors. ■* 

By this means, the rate of drying may be rapid 
without risk of cracking, and the greatest possible 
economy may* be effected iA the fuel used. 



Flo. 16 .—Tun.nki. Diiykii. 


(Crostt section.) 


If bricks or other articles are heated rapidly in 
an open chamber, their surfaces will dry more 
quickly than the interior and will harden. A litfje 
4ater the pressure of the water-vapour inside the 
goods will become so* great—^'•because it cannot 
•escape gradually through the hardened surfttqp— 
that eventually it will exceed the resistance of the 
surface of the 1 material, which will then crack and 
allow the water-vapour to (scape. This cracking 
fhay be avoided by keeping the surface soft (with a 
saturated atmosphere) until all the pressure^ in the 
interior of the goods has been releasec^br the rate 
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of heating may be Reduced so much that no* 
appreciable pressure undeveloped. 

Whilst it is obvious that the use of a saturated 
atmosphere and rapid Seating is preferable to the 
slower method dl heating, the former fa only* used * 
to a very limited extent, partly on account of its 
comparative novelty to manufacturers of refractory 
materials (though it has long been used in other 
industries), and partly because of the'greater capital 
cost involved. Wherever it has been installed, 
however, it has proved more economical than other 
methods. 

Placing in the Dryer. 

The goods an hot-floor dryers are placed directly 
on the floor, or they may be stacked on the floor, 
or they may be stacked one above another' with a 
small space between each (see Fig. 15). In tunnel 
dryers (big. 16) the goods are usually placed on cars 
or trucks, each car being fitted with loose shelves. 
In the “ saturated atmosphere ” method the goods 
are placed in precisely the same manner as in other 
fprms of dryer, cars or trucks being preferable as 
they avoid the necessity of men entering the kiln. •' 

Hollow-Ware 

The methods just mentioned are equally applicable 
to hollow-ware, but it is sometimes more convenient 
to use some modification. Thus, for a moderate 
output of crucibles, it is better to arrange sets df 
latticed shelves in the drying-room, and Ho rta 
grids or steam pipes below the shelves instead of 
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•heating'the floor. In most pf the larger steel works 
the crucibles cue dried on cfdinary shelves dp the 
walls of the furnace «roon^ no special precaution 
being taken. * 

Glasshouse pots and large retort^are usually dried 
extremely slowly, from three to six months often 
being occupied m the drying. 

The subject of drying refractory articles in an 
economical and rapid manner is so complex that it 
cannot be adequately dealt with in a short chapter. 
The important underlying principles have been 
given above, but readers requiring more information 
should see the author’s Refractory Materials ; their 
Manufacture and Uses. t 



CHAPTER* VI 

BURNING REFRACTORY ARTICLES 

The process of “ burning ” or “ firing ” refractory 
articles has for its object the conversion of the soft 
and friable article into one possessing great crushing 
strength, resistance to the highest temperature to 
which it will be exposed when in use and to such 
corrosive and abrasive actions as may be required. 

Definition. 

The term ‘l burning ” is somewhat of a misnomer, 
as the material does not evolve heat like a fuel or 
other combustible material. The term firing,” 
whilst better in some respects, is also inadequate, 
and unduly reminiscent of other uses of the same 
term. The word “ baking ” is occasionally used, 
but is usually restricted to temperatures Wow a 
red heat, so that it has become customary to 
describe a brick as “ baked ” when it has not been 
•Efficiently heated. 

The term “ heating ” would appear to be the 
least objections ble, but " burning ” has become so 
well established that its use is likelyto he continued. 

In the sense in which the term* “ burning ” is 
used by manufacturers of refractory articles and 
materials, it refers to heating to a temperature 
sufficiently high, and maintained for a sufficiently 
long period to effect the desired changes in the 
m 
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•material. If these change} have not progressed 
sufficiently, owing to the temperature being tdp low 
or the time of heating toojshort, the # products will 
be “ under-burned ” ; if *ihe heating has been 
. excessi ve tlje products will be *“ over-burned,” 
though the latter can scarcely occur with refractor} 1 
materials. 

The burning process is largely the same for all 
refractory materials, but differences are made with 
regard to details according to the nature of the 
refractory material, and the purpose for which it 
is to be used. In each case, the articles are placed 
in a kiln in which they are heated somewhat slowly 
to a prearranged temperature. They are maintained 
at this temperature, or slightly above It,, for a period 
which depends on the nature of the material, and 
are then allowed to cool slowly. The burning is 
then finished and the articles may be removed from 
the kiln. 

Described in this manner the process appears to 
be exceedingly simple, as indeed it ■vyould be, were 
only low temperatures to be attained. Refractory 
materials must, by their very nature, be fired at 
very high temperatures, and it is in connection 
therewith that the chief difficulties arise. 

jfilna- 

The kilns used for bumine refractory materials 
are of seven kinds— 

•(1) Shaft kilns resemble a lime kiln, or a stout 
chimney, in general form. The materials ^are fed in, 
at or near the top of the shaft, ani gradually 
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descend downwards, beaming hotter in their descent' 
Whep' removed: from ^he bottom of the kiln the 
materials should be completely burned. The heating 
is effected by coal-fires 0 or by produoer gas-burners 
on the periphery of the kiln, the air .required for. 
oombustion' being drawn from the base of the shaft 
and heated by passing it through the burned 
material. The flames and kiln gases mix with the 
refractory material in the upper twd-thirds of the 
shaft, and thereby effect the necessary burning of 
the refractory material. Shaft kilns can only be 
used where the shape of the product is unimportant, 
as in burning fireclay to produce grog, or in the 
dead-burning of magnesia. The temperature at¬ 
tained depends on the design of the kiln, and the 
fuel used. Coal-fired shaft kilns seldom attain a 
temperature exceeding 1300° C. at their centre, but 
with producer gas and the aid of regenerators for 
both gas and air, temperatures exceeding 1800° C. 
have been regularly used on the Continent. 

Shaft kilns are usually continuous in action, but 
intermittent sixaft kilns are sometimes used. 
p (2) Down-draught kilns or ovens may be either 
circular or rectangular, the former being cheaper 
to erect and of stronger construction, but the latter 
ar?‘more convenient for bricks. Many patterns of 
down-draught kilns are in use for different purposes, 
but for refractory articles this type of kiln should 
be provided with a perforated floor, with flues 
beneath it leading to a collector or “ well ” wbitin, 
in turn, discharges into the main flue leading Ho 
the chimney (see Fig. 17). In some works, firebricks 




•Fio. 17 .—Bound Down-dhaught Kiln. 

(Section and plan.) < 
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are burned in down-diftught kilns with solid floor* 
and rio flues above the f well, but suofi a eonstruotion 
is not the beqt. c t, 

The flames and gaseEs from the fireplaces ,«or gas- 
burners in the whlls of the kiln, rise up r to the erown.* 
and are thence deflected downwards among the 
goods. The crown should be curved and.of such a 
shape as to ensure this direct downward deflection, 
or the kiln will not be heated uniformly. Unless 
the shape of the crown of the kiln is correct a large 
amount of fuel is wasted unnecessarily. 

The down-going gases are baffled by the goods 
in the kiln, and are consequently distributed among 
the articles to be burned, thereby heating them 
before the gases pass into the flues and away to 
the chimney. As it is essential that all the goods 
should be subjected to the same heat-treaitment, it 
is of the greatest importance that the flames and 
gases should be distributed uniformly throughout 
the kiln. With reasonable care and skill, remarkably 
uniform heatjng can be secured in down-draught 
kilns, and for this reason this is often the most 
satisfactory type of kiln for refractory articles. It 
to equally suitable for almost every kind of article 
and is used for brlfcks, retorts, pipes, crucibles; etc., 
with complete* satisfaction so far as the quality of 
the gdbds is concerned. • « 

lake all single or intermittent kiins, those of the 
down-draught type are wasteful in fuel as the gases 
pass out of the kiln at a temperature very little 
lower*- than that of the goods. By passing titfese 
gases into a series of other kiins, from half to 
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may be save^ (see 


•three-quarters. of the fuel 
Continuout Kilns, p. 138). 

(3) Newcastle Jfc*7fta*(Fig.*18) consist of a rectan¬ 
gular Chamber with a curved crowy. The fireplace* 
" are eft one er both ends of the kiln, and the fines 
either at the eqd opposite the fire or in the middle 



(Vortical section.) 


<Jf the side walls of the kiln. The flames and hfit 
gasej pass chiefly in a horizontal direction through 
the goods, and great s^ill is needed to heat the 
goods nearest the flues without overheating those 
nearest the fir&. Complete uniformity of heating 
is impossible in Newcastle kilns, but so* skilful are 
some firemen that the articles are burned sufficiently 
tofiforffily for all practical purposes. 

Newcastle kilns, like down-draughtf ones, are 
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wasteful in fuel; much of this waste may be* 
jfrevented by cAnnectipg them in series. 

(4) Continupus kilns are sb named because they 
are worked continuously. The best known type of 
continuous kiln w that designed by F. Hoffman* 
and afterwards modified in Tarious ways. The most 
convenient form for firebricks consists of two parallel 



Cross Section 



(" Belgian " typo with grates.) 


Structures, each about 120 ft. in length (Fig. 19), 
with a main flue ih the wall between them, or else 
surrounding the whole kiln. These structures are 
connected at each end by a large flue, and entrances 
or “ wickets ” are arranged in the Side walls, about 
8, 10, or 14 ft. apart, according to the size of the 
kiln or the temperature to be attained. As a matfer 
of convenience each “ wicket ” is presumed to lAad 
to a separc te chamber, the kiln being imagined to 
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“be divided into 12 to 24j or moie '' chambers, 
according to ife raze. No actual division wafts are 
necessary, yet the kiln is operated ^ though they 
existed^ " 

In* some kilns there are actual* division walls of 
brickwork so as to provide means for forking eaoh 
“ chamber ” separately from the rest if required. 
This is important for terra-cotta and for very plastic 
clays, and for* articles which have to be fired very 
slowly. These are conveniently known as continuant 
chamber-kilns. Those built on the down-draught 
principle are particularly valuable for high-clasB 
refractory articles, such as retorts, crucibles, etc., 
when the output of the jvorks justifies their erection. 
For firebricks, a simpler type of continuous kiln is 
sufficient. 

In a simple continuous kiln, of a pattern suitable 
for refractory articles, the fuel is burned on a grate 
placed transversely at the end of each “ chamber, ’ 
usually a little to the right of the wicket. The fuel 
may be fed through an opening in $he side of the 
kiln, or through smaller openings in the crown. 
Air is admitted through the grate-bars, its volume 
being controlled by a simple slide oa damper, but 
the greater part of the aif enters through the wickets 
in the empty chambers and passes through* the 
cooling briqks (dong the interior of the kilif. 

The flames (tnd gases pass chiefly in a horizontal 
direction through the chamber to be heated, and 
tfiea through a flue in the wall of the kiln to the 
n&in w chimney-flue. Owing to the shape iof the 
kiln, these gases travel a distance of from 40 to 84 ft. 
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along goods to be heated, before* they pass to thf. 
< ohimgey. By this means the temperature of the 
gases is reduced to sutyt an\ extent that the heat 
left in them is only justf sufficient to carry them up 
the chimney and they have no further value for, 
heating purposes. In a badly designed or im¬ 
properly managed kiln, the gases esdape at, a higher 
temperature, with a correspondingly great loss of 
heat and wastage of fuel. 1 

When the goods in one “chamber” are com¬ 
pletely burned, another “ chamber ” containing 
freshly-set goods is brought into the “ round ” of 
the kiln by closing the damper in the flue which 
previously admitted the gases to the chimney and 
opening the, corresponding damper in the next 
chamber. 

By this means, the fire is made to travel gradually 
around the kiln at the rate of about one “ chamber ” 
per day, gradually heating the goods and afterwards 
oooling them by the air drawn through them, prior 
to its being used for the combuBion of the fuel. 

When properly designed and skilfully operated, 
^ continuous kiln of this type requires only from 
we-quarter tp one-half the fuel needed by separate 
kilns with chamber^ of the same capacity. * 

ft continuous kiln of the type just described is a 
large and expensive structure, so thpt there is 
always a temptation to reduce its sis*to a minimum. 
This desira.for econbmy often leads to the ereotion 
of kilns which are too short to be efficient, so thfct 
the saying in cost of erection is more than oenntfer- 
balanced by the greater quantity of fuel required. 
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To saeure the maximum Efficiency with refractory 
goods to be finished at a temjjeratur* of 1400°<!„ it is 
necessary that the total length of the “ chambers ” 
should>not be less than 284%. It is almost imma- 
• jteriat whether this is divided intfl 20 chambers of 
14 ft. each, 16 chambers of 17J ft. each, <28 chambers 
of 10 ft. •each or in any other manner. This great 
length- is needed in order to make full use of the 
heat in the flSmes and kiiif gases, and to cool the 
goods effectively and without cracking them. The 
figure of 280 ft. may be taken as a minimum for 
fireclay goods; but silica and magnesite goods— 
which require a slower cooling—should be provided 
with a greater length o£ kiln. 

If, as is usually the case, a shorter kiln is employed 
—some have only 12 chambers each 8 ft. in length, 
or 98 fts in all—there will be a great waste of fuel 
due to the escape of gases at too high a temperature, 
and to the inability to use all the hot air required 
to cool the bricks. This loss can only be prevented 
by adding an appropriate number of “ chambers ” 
to the existing kilns—a process which is by no 
means difficult if the brickwork is in good eonditiop. 
• Continuous kilns of the type described (as distinct 
fronl continuous chamber-kilns, p. 139) are excellent 
lor firebricks of all kinds. They arq not so suitable 
for hollow-#rare as are lulns worked on the down¬ 
draught principle; but if the latter form part of 
a continuous-chamber kiln .they are remarkably 
Efficient. 

'(B) •Tunnel kilns or car kilns consist of a .tunnel 
which should be at least 280 ft. in length ^preferably 
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320 to 360ft.)> through which ''the goodf to be 
burned are carried on ears or trucks- each 4 to 5 ft. 
in length as shown in Fig. 2^. 

In a well-deigned tufenel kiln, firebricks, cpiciblea 
and other articles of moderate size can be fired and t , 
cooled at the rate of one truck-load per hour; 
this, in a kiln 300 ft. long, is equivalent tp a total 
firing and cooling time of about three days as 
compared with 18 to 24 days in a continuous kiln 
of the Hoffman type. This remarkable difference 
is partly due to the much smaller capacity of the 
cars, but is chiefly owing to the fact that in a tunnel 
kiln each part of the structure remains at a constant 
temperature, whereas in the other type of continuous 
kiln each pa$ of the structure has to be heated 
and cooled in turn. 

The tunnel kiln has not been used extensively for 
firebricks, but the author has employed one success¬ 
fully for the supply of all the firebricks required in 
a large pottery—the chief use of the kiln being for 
firing pottery ware—and has satisfied himself, as a 
result of trialfe in other works that a properly 
designed tunnel kiln, is one of the most efficient 
n^d economical kilns for refractory materials. When, 
failures arise, it is. usually due to the kiln being 
much too short or to ignorance of the proper 
melhocU of applying the heat. 

Tunnel kilns are usually gas-fired v <as this affords 
the best m^ans of maintaining a constant tempera¬ 
ture with a minimum of effort. „ <• 

The ( goods to be fired are placed in cars jvhi«h 
enter at ojip end of the tunnel and pass forward, 
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either continuously or at intervals of an hour or ’ 
s6, until they 'eventually pass out burned and 
relatively coo( ; from thf othfer end of the tunnel. 
The process of burning la extremely simple, Because 
each part of the kiln is kept at a prearritaged" 
temperature* whereas in all other kil^s the tempera¬ 
ture of the kiln, as well as that of the goods, has 
first to be raised and afterwards"to be lowered in a 
skilful manner. 

Apart from this, the mode of heating in a tunnel 
kiln is similar to that in a Hoffman continuous 
kiln; in both, the goods are gradually heated by 
the “ waste gases,” and are cooled by air which is 
thereby heated and aftengards used for burning 
the fuel. 

The chief drawbacks to tunnel kilns are: (i) the 
very large quantity of material which is required 
to keep them fully at work (they are not satisfactory 
when working much below their normal output); 
(ii) the great cost of the cars on which the goods 
are carried through the kiln; and (iii) the impossi¬ 
bility of “steaming” or “water-smoking” the 
goods independently of the general heating. The 
R&t-named objection is very serious with som6 
refractory materials, and {hough it could be over¬ 
come by suitably modifying the kiln, no such 
modification has yet been made in any existing 
tunnel kiln. 

In the IX-essler tunnel kiln, the gases are confined 
to long heat-ducts or flues of a special shape,- so 
that the contents of the kiln are protected from 
the direct action of the flames. In this kiln, the 
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articles- may be placed on^shelves on the cars—a 
procedure which greatly facilitates 4he loadiiig *wd 
emptying of the kiln. I , * 

Thfftfuel consumption ora tunnel'kiln is almost 
nthe same a& that of the Hoffmarf continuous kiln. 
The tunnel kiln ought to be more economical in 



Fto. 21 .—Muffle Kilns 
(Cross section.) 


fuel, but any advantage gained is lysually lost 
a result of poorly designed details, or lack of skill 
in management. , • > 

(6) Muff# kilns (Fig. ^21) are employed when the 
goods must be. heated with extreme slowness, and , 
when they must be protected from dijpct contact 
Ihth the kiln gases. They ’are seldom used for 
refractory materials, though occasionally employed 
for very large crucibles and for ware, if a highly 
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specialized nature. M$rt> refractory articlea whicE* 
kave/to be protected from kiln gases are more 
economically fired in s^ggei4 than in muffles or, if 
the output is sufficiently large, a Dressler**tunnel 
kiln (p. 144) will be found very satisfactory. * 

(7) Rotary kilns have also been used for burning 
lumps of refractory material. ‘ 

Gas- and Coal-Firing. . 

For the highest attainable temperatures, gas-firing 
is superior to coal burnt direct in the kiln-mouths. 
To be effective, a gas producer must be kept 
constantly at work, which necessitates the use of 
either a continuous kiln or a sufficiently large 
number of intermittent kilns. 

For many purposes, semi-gas firing is preferable 
to the use of a producer. In this method the 
heating is commenced with an ordinary coal fire, 
but this is gradually converted into a producer, so 
that the heating is finished with gas-firing. Semi¬ 
gas firing is particularly suitable for small inter¬ 
mittent kilns which have to be heated to a high 
temperature. 

• •.Gas-firing if not more economical than coal when 
burning refractory, materials, but it enables the 
heating to bo, controlled more completely. It 
necessitates the employment of at least* two skilled 
men—one at the producer and one 1 at the kiln— 
whereas with coal-firipg one man will suffice. The 
impression that gas producers are almost automatic 
does not apply to those used lor firing refructdfy 
materials<>n the contrary, unless the produoer is 
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• under the charge of a skilly man trouble is certain 
to ensue. 

Becungraton and Regenerators. 

.. Most manufacturers of refractdly materials who 
use intermittent kilns fail to make sufficient use of 
the waste gases which pass to the chimney. If 
these gases are first passed through a regenerator, 
or preferably'through a recuperator, most of the 
heat can be utilized. 

A recuperator consists essentially of a series of 
tubes in a brickwork chamber ; the hot gases from 
the kiln pass through the chamber in one direction, 
whilst the air is drawn through the tubes in the 
opposite direction and is heated without being 
contaminated by the gases. This hot air may bo 
used to improve the combustion of the coal or gas in 
the kilns or it may be employed for drying the goods. 

Recuperators and regenerators cannot be applied 
to continuous kilns because, in these, the freshly-set 
goods are heated by the “ waste ” jgases, and the 
cooling goods act as a regenerator and heat the air 
required for combustion. 

• 

Fans v. Chimney-draught. 

,• Intermittent or single kilns which are not fitted 
with recuperators or regenerators, must *have a 
chimney to create the necessary draught on account , 
of the heat of the gases, bpt other kilns can be 
'forked far more reliably if provided with a fan. The 
difference in the draught is readily seen if a recording 
draught gauge is used, particularly in stormy 
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weather. Moat manufacturers of refractory materials • 
are gjSll afraid «f fane, alleging that'they are likely 
to fail at any time an4 that they do not produce 
a satisfactory draught'.' The risk of failure can 
always be avoided by having a spare fan (or usually* 
spare parts "will suffice), and when defects in fan- 
draught occur they will generally be found to be 
due to either too small a fan, or to using a rapidly- 
running instead of a slower-moving fan. A suitable 
fan will enable more heat to be taken out of the kiln 
gases and used, and will provide a steady draught 
—two advantages which more than compensate for 
the cost of running and repairs. 

Starting tbs {taming. 

The burning of refractory materials—no matter 
which type of kiln is used—is commenced by 
applying a very gentle heat to the goods. In some 
instances a small, smoky fire is lighted and kept 
smouldering until the contents of the kiln are 
warmed throughout to a temperature of a little 
above the boiling point of water—say 250° F. or 
1^0° C. This temperature is not exceeded until the 
•entente of th/> kiln or chamber are completely dry.» 

During this period a considerable amount of Water 
is pfolved as steam ; about 1 cwt. of water per ton 
of goods being by no means unusual. As this 
amount of water produced about *3,000 cu. ft. of 
steam, whi/ah must bp removed without damaging 
the bricks, it is obvious that great care wilL be 
necessary and that ample ventilation must tae 
provided. ‘ 
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Unless the watSr is all r^noved sufficiently early 
in the burning! it will cause troubla later, an^ may 
even prevent the goodi from'being properly burned. 
A skilled burner oan at ome identify goods which 
,hav»suffere£ in this way, and wilf describe them as 
“ steamed.” 

Decomposing the Qiay. 

As soon a# the mixtuih has been completely 
freed from moisture, the fireman proceeds to decom¬ 
pose the clay in the goods if any clay is present; 
otherwise, he raises the temperature of the kiln as 
steadily as possible. The decomposition of the clay 
is effected at from 600 to 900° C—at a temperature 
known as “ black-red & red ”—and sn raising the 
temperature of the kiln for this purpose great care 
is required to ensure uniformity. If any part of 
the kiln is heated too rapidly, the goods therein 
may crack or fall to pieces, because the decomposi¬ 
tion cl the clay is accompanied by a great evolution 
of water (the so-oalled “ combined water ”). If the 
temperature rises steadily and not too rapidly this 
part of the burning is one of the least difficult. 

• At the same time as the clay i^ decomposqjh 
various other changes occur. ."The conversion of 
any silica (quartz) begins; any vegetable matter 
commences, to decomposfe and some of it may oven 
begin to bum like fuel. Any limestone or magnesite 
is converted into quicklime or magnesia respectively, 
ahd many other changes of lesser importance occur 
izPth* small quantities of other minerals whiqh may 
be present. 
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All these changes ocfnr in a normal and proper' 
mamjbr, so long as there is an ample supply of air 
in the Min, and the tenSperatWe is raised sufficiently 
steadily. Irregular heating—especially if as seriated 
with insufficient %ir—causes the formation of* dark* 
cores, bloated shapes and other defects. 

During this part of the burning', the elay and 
any raw magnesia begin to shrink and the silica to 
expand, but these changes do not concern the 
burner until a later period in the firing. 

It is not usual to draw any test-pieces or trials 
at this stage unless the goods are particularly liable 
to form black cores. In that case, trials should be 
drawn and broken, and examined at intervals of a 
few hours and the temperature should not be 
allowed to exceed about 900° C. (a dullish red heat), 
until all the dark core-forming material has been 
burned away. 

Silica, bauxite and magnesite bricks cause little 
or no trouble at this stage, but some fireclay bricks 
cause much anxiety. 


Foil-File. 

__soon the contents of the kiln are at a 

bright red heat ‘and all danger of cores* and 
blp&ting is passed, the fires are cleaned and fired 
more vigorously or more gas is turned, on and the 
rate of heating is increased. Within reasonable 
limits, the heating may now be fairly rapid, provided 
it is well under control. , * 

Tha most interesting changes now oocut, and 
trials drawp from the kiln at four-hourly intervals 
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should'show \he progress V»f these ohanges. One 
of the moat, noticeable is ti^e gradfial hardening ftf* 
the material which, navi^g attained its highest 
degree*ol porosity, rapidly loses some of it as the 
'bunilng progresses. Under a microscope the gradual 
fusion of some, of the materials may be observed, 
the imparities commencing to fuse first—after a 
preliminary comblhation with some of the other 
constituents, and the formation of complex silicates, 
etc. The proportion of fused material increases 
comparatively slowly, and as it is all absorbed in 
the interstices or voids of the material, there are 
no signs of fusion obvious to the unaided eye until 
a much later stage is reached. With most refractory 
materials, the heating is stopped loitg before any 
striking signs of fusion develop. 

What‘appears to take place during the full-fire 
period is as follows— 

(a) The more fusible constituents, including any 
complex silicates, $tc., previously formed, begin to 
fuse and the molten, slag-like material is absorbed 
in the pores of the goods. 

In the case of silica bricks, the lime added as a 
Bond should, at this stage, have been converted 
wholly into calcium silicate whieh should gradually 
melt to a thin, clear glass readily absorbed i>y 

the pores. ... 

In the case *8f magnesia bracks containing iron, 
the latter should have been reduced, forming 
a* complex fusible ferrous silicate which should 
grXdntfiy melt and fill the pores. 

In fireclay bricks the small proportion of glassy 

iHsni »v» 
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material is due to th@ combination of the soda, 
potash, lime, magnesia %nd ir^n with the decomposed 
clay. i «* 

(b) This moltqp material becomes increasingly 
corrosive as the temperature rises, and it attach the* 
unfused material forming still more complex silicates, 
etc. The smaller the particles of fusible nfaterials, 
the more rapidly will they melt, so that by grinding 
a portion of such material (or those which form it) 
to extraordinary fineness the amount of fused 
material at any given temperature can be increased. 

In the presence of an increasing amount of fused 
material the strength of the articles is gradually 
reduced, so that at 1350° C. (bricks cannot withstand 
a pressure of 50 lb. per sq. in. On allowing them 
to cool to a lower temperature, the fused material 
solidifies, binding the remaining materials very 
firmly and forming a very strong product. 

As the amount of fused material increases, the 
unfused “ skeleton ” diminishes, so that if the 
firing were continued sufficiently long at a sufficiently 
high temperature, the unfused “skeleton” would 
not be strong enough to enable the refractory artiole 
id retain its shape, and distortion or warpage would 
occqr ; under still more severe conditions of heating 
the article would lose its shape completely. Acttf- 
ally, the heating is, of oourse, stopped* before any 
distortion occurs. 

(c) Any (ilay present shrinks—partly as a resist 
of a reduction in the size of the individual partidgs, 
and pirtly as a result of partial fusion. If the heat¬ 
ing be proldhged at a sufficiently high temperature 
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(1300° C. or'above), silifmanite .is formed and* 
produces a felted mas^ of crystals on cooling. 

The .remainder of the <®y forms *an amorphous 
mas% some of the pores of whiclt are occupied by 
the fused material. • 

(d) Ajgy free* silica present is partially converted 
into cristobalite ordridymite, the amount so formed 
depending on*the smallneSs of the particles, the 
temperature attained, and the duration of the 
heating. The aim of the manufacturer should be 
to secure as much conversion as possible, as the 
articles thereby attain their maximum stability at 
high temperatures. The expansion of the silica 
occurs at the same timfl as its convession. 

(e) Any free alumina (bauxite) present gradually 
increase^in density, with a corresponding shrinkage, 
but—apai$ from the very small quantity which may 
combine with any other metallic oxides to form 
aluminatea—no change occurs. 

(f) Any magnesifi, present is gradually but veiy 
slowly converted into periclase (p. '45). In most 
cases, the greater part of the magnesia remains in 
% shrunk amorphous form corresponding more qa 
less (completely with “ dead-burned ” magnesia. 

, A little magnesium silicate may ,be formed* by 
the combination, of magribsia and silica, this eilicate 
is fusible but is much more viscous than the calcium, 
sodium, and potassium silicafes and it^ is not so 
corrosive. 

V) Any iron compounds present are almost 
invariably reduced to the ferrous stat^ and form 
complex ferrous silicates. .In the case of magnesia 
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bricky a fusible^spinel,‘Composed ofc magnolia and' 
iron dxide, is formed in variable proportions, 

(h) Numerous other Changes occur among the 
various minerals, present, but they are of minor 
general interest. * 

Soaking in Heat. 

* The rate at which heat penetrates ,to the interior 
of refractory materials, is so low that it is not 
sufficient merely to raise the kiln to a definite 
temperature; the articles must be maintained at 
that temperature, or slowly raised to a slightly 
higher temperature, until they are uniformly heated 
throughout. f This is known as “ soaking them in 
heat.” The changes which have proceeded very 
slowly at a lower temperature do so with greater 
rapidity dining the soaking, and a great general 
improvement in the quality of the goods*is thereby 
produoed. For this reason, prolonged “ soaking ” 
is very important, notwithstanding its costliness. 
In the case of-silica and magnesia bricks it is of the 
highest importance, aud even fireclay brioks of the 
Best quality are greatly improved by it. 
r ' Considerable tiipe is required for the “ soaking 
to be effective, but the cost of maintaining it for a 
loliger ( period than 48 hours is usually considered 
to be prohibitive. This is largely du6 to the use 
of intermittent kilns; the cost of fuel is less serious 
in a contiguous kiln though that of repairs is greater 
than with intermittent kilns. 

Ve^y prolonged soaking is difficult to secure in 
tunnel kilift as their length is increased by, qbout 
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4 ft. for each additional hoar of the soaking period. 
Thus, to ensuite 24 hours’ Making the length «of the 
kiln muBt be’increased by 96<ft. This would involve 
serious mechanical difficult res. ' 

T1 ip statement is often made that users of refrac¬ 
tory materials will not pay the price necessary to 
ensure adequate “ soaking ” ; this is largely the 
case in many industries, though the wiser users 
are now willing to pay suitable prices when they are 
satisfied that the goods are of correspondingly 
greater durability for their particular purpose. 

Hie enormous increase in the durability of glass¬ 
melting pots which have been subjected to prolonged 
heating at 1400° C. before use is another instance 
of the benefit derived fft>m “ soaking •’ which is too 
little recognized by glass manufacturers. 

End of Burning. 

The end of the burning is reached— 

(a) When all the shrinkage or expansion has 
ceased, or when tHfe rate of change is so low that it 
is considered unnecessary to prolodg the heating. 
It is tested by measuring the height of the bricks 
in the kiln at various times during the burning apd 
so noting the expansion or shrinkage. 

# This is the basis of the stipulation in some 
specifications that, on Reheating, the goods must 
not change* in>.volume by more than a prescribed i 
amount (p. 22). 

*ip) When the articles have attained a pre-arranged 
temperature and have been maintained that 
temperature for a suitable time. Thejhmperat”™ 
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realized vanes womoutfy in di&rnt works; tbt 

.■vake^gLven.iti £able VI are typicaU- 

* * . i t 

Table VI.— Finishing w TempeSutuhes fob Burning 
• Refra crmy Articles. 


t 

• 


Seger 

| Cone. ! 

Tempera¬ 
ture “C. 

! Terfjwra* 
j tun °F. 

Fireclay and Grog bricks . 

British 

German 

6-12 

9-16 

1160-1350 

1280-1460 

2156-2462 

•2336-2660 

SUica bricks* . 

MM ... 

British 

American 

French 

9-14* 

19-26 

10-17 

1280-1410 

1300-1580 

1300-1480 

2336-2570 

2372-2876 

2372-2696 

Seml-silioa and Ganlster 
brick .... 

British 

6-14 

1260-1410 

2282-2570 

Magnesia bricks 

British 

Austrian 

12-18 

27-36 

1350-1600 

1610-1790 

2462-2732 

2930-3254 

Bauxite bricks 

British 

French 

8-12 

9-12 

1250-1350 

1280-1350 

2282-2462 

2336-2462 

SiUiraanlte bricks . 
Chromite bricks ! 

Carbon bricks 

American 

British 

British 

614-18 
12-18 
012a-05a 

1410-1500 

1350-1500 

860-1000 

2570-2782 

2462-2732 

1671-1832 

Retort* 

Crucibles 

Glass potaf 

British 

British 

British 

06a-18 

05a-8 

la-6a 

1000-1500 

1000-1250 

1100-1200 

1832-2732 
. 1832-2282 
2012-2129 


* In the specifications for silica bricks issued by H. Hoppers 
Go. it is directed that “ all silica bricks shall be heated to the 
limit of their expansion, or to a heat affecting Cone 26 and laying 
Cone 20." 

t Glass pots arltt crucibles are often “ baked ” rather than 
burned, the completion of the heat-treatment being in the 
furnace in which they are used. 

* 'In a few walks, Bmne of the finishing temperatures 
are higher than those mentioned, but they are quite 
exceptional. Probably move English fireclay goodS- 
are finished at Cone 9, and silica bricks &t tempera¬ 
tures corresponding <to Cones 12 io 14, than at 
any other. ‘ * „ 

(c) When the requisite internal changes ( hi.ye 
occurred in the nature of the material, such as the 
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formation of a sufficient vnount of sillimaiiite (in 
the case of fireclay), of criAohalite # or tridynyte (in, 
the ease of silica), dr pesiclase (in the edge of 
magnesia). 

Mpst manufacturers take little* or no interest in 
these changes, though they are actually far more 
important than is often realized. This is due to 
the skill required, in making the necessary tests, 
and to the fact that firebsicks are sold on reputa¬ 
tion and price rather than on their ascertained 
properties. 

Effect of Heat. 

For a more detailed description of the effect of 
heat on various refractory materials the reader 
should turn to Chapters I to III. This subject is 
one which is receiving an increasing attention from 
scientific men, and whilst many so-called researches 
have been of little real value, because they were 
made without sufficient knowledge, they are welcome 
as showing the assistance which can be rendered 
by those not directly connected with the refractory 
materials’ industries. 

■Cooling. 

As much care is necessary in'cooling some rqfrac- 
'*tory articles, as in burning therm for what flaay 
appear to*be, merely cooling is really an anneal¬ 
ing process. Silica especially, undergoes various' 
changes when cooled and it*is of great? importance 
tbat,theee changes should be properly controlled. 
The corresponding changes in fireclay and grog have 
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not been so fully invoiti gated, %ut they .require 
equal •attention pn the part of the m&nufacturer. 

The cooling may uffiially 'proceed f&irly rapidly 
from the finishing temperature to about 11)00° C. 
—a cherry-red heftt—but below this it ipust proceed, 
very slowly «or serious cracks may develop and loss 
of strength occur. The requisite* steadiness in 
cooling is best secured by means of a continuous 
kiln in which the air required for the combustion 
of the fuel is drawn through the cooling goods. 
The chief drawback to this arrangement—especially 
if the kiln is rather short—is that the cooling is 
slowest, where it might be most rapid, and at 
temperatures below red heat there is a tendency 
for the cooling to be much too rapid. TbiB may 
be avoided—in the case of a tunnel kiln—-by the 
use of a cooling or annealing shed, in which the 
final cooling is effected independently of the kiln. 

The rate at which the cooling may safely be 
affected depends largely on the nature of the goods, 
the material of which they are ‘made and the size 
of the kiln. Hollow-ware in a small kiln may be 


cooled muoh more rapidly than large blocks in a 
Ijwrge kiln, as the mass of material exerts an impor, 
tant influence', particularly in the case of silica and 
magnesia. Fireclay and grog articles are much less 
sensitive to sudden cooling, r but they should not be' 
cooled too-rapidly. , • 

Single or ihtermittfent kilns of average size may 
usually be allowed to cool from the finishing tempera¬ 
ture tq a dull red heat in 48 hours—in some^oasas 


only 24 bote are needed—but the remainder of the 
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coding' should usually ocoupy at least 72 ^tours, 
and in many cases 166 hoqj-s are desirable. 1 
One of the most foolislV things % manufacturer 
of refractory articles cam do is tc^cool the contents 
of tfie kiln t&o rapidly, in order to pleas^ a customer. 
Such a procedure will seriously reduce the quality 
of the goods, and whilst this may not be detected 
immediately jt will, eventually, lead to loss of 
trade. 


BURNING HOLLOW-WARE 
Crucibles, glass pots, some retorts and many other 
refractory articles included in the term “ hollow- 
ware ” are not burned at the high temperatures 
recognized as essential for bricks. I? is considered 
sufficient if such hollow-ware is durable under 
conditicdis of use, so that the “ burning ” is really 
of a preliminary character, and it is completed in 
the further heat-treatment which these articles 
undergo immediately before use. Thus, crucibles 
are “ annealed ” on or in the fumaee fire in which 
they are to be used, glasshouse pots are subjected 
to a preliminary heating before being filled with 
* batch ” and many other articles, such as nozzlfis, 
stoppers and pipes, undergo their final changep in 
Constitution during the parly periods of actual use. 
It is a matter bf financial rather than of technical 
importance as'to whether it ia cheape* to purchase 
a^ " baked ” article, and te complet* its heat- 
treUtment immediately before use, or to purchase 
a fu&y-bumed article which does not lequire 
any preliminary precautions. No gefieral rule is 

JU—<537*> 
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applicable to all cases, but it is obvious that it an 
afticle can be iSndere^ quite ready for immediate 
use under the skilled supervision of the manufacturer, 
such an article opght to be cheaper in the‘end— 
because of its greater durability—thin a baked 1 
article on winch the purchaser has,to spend time 
and skill before he can use it. The subject has 
many complications but.it is worth v^hile for many 
purchasers to consider it more thoroughly than they 
have done. 


BURNING GROG 

Grog i» usually burned in shaft kilns resembling 
those used for lime, but wifh external fires or gas¬ 
firing. The cftief requisite is to ensure a sufficiently 
high temperature, and sufficiently prolonged heating 
to produce the necessary changes in the Material. 
Where only a comparatively small amount of grog 
is needed it may be burned in any of the kilns 
suitable for firebricks, the material being made into 
rough bricks ok clots and burned as bricks. 

It is a mistake to cool grog kilns too rapidly as 
this causes a “ shattering ” of the material which 
tfaen has different properties from that which has 
been properly cooled. 

BURNING MAGNESITE . 

Magnesite is sometimes burned in'shaft kilns, like 
lime, but more frequently in kilns of the Newcastle 
type (p. 137), fitted with regenerators and gas-firted. 
To pibduoe really good dead-burned magnlsia a 
very high temperature (about 1700° C.) is essential, 
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and unless the material is Very iny>urc and ponsg 
quently inferior in ^""'ity, no lower bdrning 
temperature will suffice. 

Mjpy attempts were made a few years ago to 
bum magnesite in ordinary eoal-fim} kilns, but 
these were newer really satisfactory and at the 
present time ther^ is too great a tendency to add 
iron oxide or ether fluxes, to the magnesite, in order 
that the magnesite may be burned at a relatively 
low temperature instead of keeping the material 
as pure as possible, and burning it at a higher 
temperature then needed. 

The best qualities of dead-burned magnesia yet 
obtained have been produced by flrsj calcining the 
magnesia at about 1200° C. in a coal or gas-fired 
kiln, and afterwards fusing the product in an 
electric'furnace. 
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* THE FINISHED PRODUCTS 

The characteristics and properties of the finished 
products obtained by the processes* described in 
Chapters IV to VI, are the same as those of the 
articles and materials mentioned in Chapters I to 
III and need not be farther detailed. As explained 
in the Preface, this arrangement has been adopted 
because the author has found from experience that 
students are fetter able tcwappreciato the purpose 
of different processes if they are first acquainted 
with the properties of the finished products. 

Durability. 

The essential characteristic required of all refrac¬ 
tory materials js that they shall possess the utmost 
durability when in use. It is only too easy to 
suppose that the ohief requisite of a refractory 
material is it^ refractoriness, but this is not neces* 
sarily the case (p.‘ 1). Other factors may be of 
greater •importance but they are all summed up is. 
the term “ durability.” This inestimably valuable 
property is only obtained as a results 6f the strictest 
attention tq, the details of manufacture and of the 
conditions under which the products are used. Tifb 
manufacturer and user must co-operate fully tf the 
beet results #re to be obtained, for neither, alone, 
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ifcs the neoessary* knowledge of the details which 
ensure or prohibit durability. 

Some of the properties ^hich a user would like 
to speaify are quite incompatible with othefs which 
jse regards aq essential. Thus, the'highest resistance 
to sudden changes in temperature cannot* be obtained 
simultaneously ‘with the greatest density and resis¬ 
tance to corrosion in a fireclay brick. Full considera- 
of the relative'importance Of the various desiderata 
is, therefore, essential and in this the manufacturer 


can be of great assistance. Still more useful, both 
to manufacturer and user, is the consultant expert 
who has devoted a lifetime to the impartial investi¬ 
gation of the subject, and the best methods of 
improving the product! so as to meet the ever- 
increasing stringency of the demands of modem 
requirements. 

The maximum durability of any refractory 
material under given conditions is not a matter of 
opinion or reputation. To a large extent it cannot 
ever be deduced f/om analogy; thus, the addition 
of either fireclay or silica to magnesii (or vice versa) 
will form a mixture of far l$ss refractoriness than 


any one of these materials separately. Maximupj 
durability can only be obtained after a detailed 
investigation of the whole of the conditions involved 
In that par$iculpr case ahd, to be effective, such'an 
investigation must be made by those accustomed 
to such work. In such ways’ the advigory expert 
0*1 assist both manufacturer* and user, so that by 


this trinity of effort something approaching to 


perfection may be best secured. 
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Selection and Application. 

• A Jull description of the propertifes of the bricks 
and other refractory Articles required for special 
purposes, arranged in order of uses, is contained in 
the chapter on * The Selection and Application oi 
Refractory ’ Materials ” in the author’s Refractory 
Materials ; {heir Manufacture and tJses. it cannot 
usefully be summarized in the space here available. 
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Motor-Cycling roR women. By Befty and 
Nancy Debenham, with a Forewotd by 
Major H. R. Watling. 

P. and M., The Book or the. By W. C. 
Hsycraft. 

Raleigh Handbook, The. By " Mentor." 

Second Edition. 

Royal Enfield, The Book or the. By R. E. 

Ryder. 

Rudge, Ume Book or thhs By L. H. Cade. 

Triumph, The Book or the. By E. T. Brown. 
Motorists' Library, The. Each volume in this 
series deals with a particular make of motor-car 
from the point of view of the owner-driver. The* 
functions of the various parts of the car are 
described in non-technical language, and driving, 
repairs, legal aspects, insurance, touring, equip¬ 
ment, etc., all receive attention. 

Austin Twelve, The Book os' the. By B. 
Garbutt and R. Twelvetrees. Illustrated by 
H. M. Bateman. Second Edition . .50 

Standard Car, The Book of the. By 

" Pioneer ” . *.6 0 

Clyno Car, The Book or the. By E. T. 

Brown? , (In tkt Pnts) , 

■ ELECTRICAL ENGINEERING, Etc. 
Accumulator Charging, Maintenance and 
Repair. By W. S. Ibbetson. . • .36 

Accumulators, Management or. By Sir D. 

Salomons, Bart. Tenth Edition, Revised. . .76 

Alternating CurrknV Bridge Methods or 
Electrical Measurement. By B. Hague, B.Sc. IS O' 
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Alternating Current Circuit. Bv Pttlip Ktmii, 
M.I.E.E* . « . 

Alternating Current Machinery, Design o/. 

By J. R. Barr, A.M.I.E.E., and R. D. Archibard, 
• B.Sc., AjM.l.C.E., A M l.E.E. . V 
Alternating Current Machinery : Paterson the 
Design of. Bv C. C. Hawkins, M.A., M.f.E.F... 
S.P. SmithTD.Sc.,M.I.E.E., and S. Neville, B.Sc. 
Alternating Current Power Measurement. By 

G. F. Tagg . • .. 

Alternating Current Work. By \V. Prrren 
Maycock, M.I.E.E. Second Edition . 
Alternating Currents. The Theory and 
Practice of. By A. T. Dover, M.l.F. E. . 
Armature Winding, Practical Direct Current 

By L. Wollison. 

Continuous Current Dynamo Design, Elemen¬ 
tary Principles of. Bv H. M. Hobart, M.I.C.E., 

M.I.M.E., M.A.I.E.E. 

Continuous Current ^Motors and ^Control 
Apparatus. By W. Ferren Mavcock, M.I.E.E 
Direct Current Electrical Engineering. 
Elements of. Bv H. F. Trewman, M.A.. and 

C.«. Condlifle, B.Sc. 

Direct Current Electrical Engineering, 
Principles op. By James R. Barr, A.M.l.E.E. . 
Direct Current Dynamo and Motor Faults. 

Bv R. M. Archer. 

Direct Current‘Machines. Performance and 
Design of. By A. E. Clayton, D.Sc.^I.l.E.E. . 
Dynamo, The. Its Theory, Design and Manufacture, 
By C. C. Hawkins, M.A., M.I.E.E. In three 
volumes. Sixth Edition . 

Vol. I. 

Vol. II.. • • • 

Vol. Ill. 

Dynamo, How to Manage the. By A. Bottone. 

Sixth Edition, Revise^and Enlarged . . 

Electric Bells and All About Them. By S. Ik 
Bottone. Taghth Edition, thoroughly revised by 
C. Sylvester, A.M.I.E.E.. * • *• • 

Electric Circuit Theory and Calculations. By 
W. Perren Maycock, M.I.E.E. Third EditioS. Re¬ 
vised by Philip Kemp, M.Sc., M.I.E.E., A. AI.E.E. 
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Electric ilm» Fitting, Fkactical. By F. C. 

Allaop. Ninth Edition Revised and Enlarged. . 7 S 
Electric Lighting and Power Distribution. 

By W. PerrenTdaycock, M.I.E.E. Ninth Edition, ‘ 
thoroughly Revim and Enlarged , 

Vol. 1. ‘0 6 

Vol.II*.10 6 

Electric Lighting in Factories and Workshops. , 

By Leon Caster and J. S. Dow .... 6 

Electric Lighting in the Home.* By Leon 
Caster 6 

Electric Motors and Control Systems. By A. 

T.Dover, M.I.E.E., A.Amer.I.E.E. . . IS 0 

Electric Motors (Direct Current) : Their 
Theory and Construction. By H. M. Hobart, 

M.I.E.E., M.Inst.C.E., M.Amer.I.E.E. Thinl 
Edition, thoroughly Revised . . . .ISO 

Electric Motors (Polyphase) : Their Theory 
and Construction. By H. M. Hobart. 
M.Inst.C.E., .M.I.E.E., M.Agner.I.E.E. Third 

Edition, thoroughly Revised.15 0 

Electric Motors por Continuous and Alternat¬ 
ing Currents, A Small Book on. By W. Perron 

Maycock, M.I.E.E.'8 0 

Electric Traction. By A. T. Dover, M.I.E.E., 
Assoc.Amer.LE.E. Second Edition . . 21 0 

Electric Wiring Diagrams. Bv W. Perren May- 
cock, M.I.E.E. ...... 5 0 

Electric Wiring, Fittings, Switches! and Lamps. 

By W. Perren Maycock, M.I.E.E. Sixth Edition, 

Revised by Philip Kemp, M.Sc.. M.I.E.E. . . 10 8 

Electric Wiring Tables. By W. Perren Maycock, 

• M.I.E.E., and F. C. Raphael, M.I.E.E. Fifth 

*> Edition , .3 6 

Electrical Condensers. By Philip R. Coursey, * 

§.Sc.. F.Inet.P„ A.M.I.E.E.37 8 

ElectrIcal Educator. By J.jA. Fleming, M.A., 

D.Sca, F.R.S. In two volumes *.63 0 

Electrical Engineering, Classified Examples 
in. By S. Gordon Monk, B.Sc. (Eng.), A.M.I.E.E. 

In two paps. 

Vol. I. Direct Current . . .26 

Vol. II. Alternating Current . .36. 

i * 
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Electrical Engineering, Elementaby. By O. 
R. Randall, Ph.D., B.Sc., 

iivpTDirii UuriliVDn'r Dlrun 


. A.M.1.LL. f UU 

R. E. Neale, B.Sc, (Hons.). . . . . 10 6 

Electrical Instruments in Theory * and 
Practice. By W, H. F. Murdoch, B.Sc., and 

IT A. Oschwald, B.A.12 6 

Electrical Instmii^nt Making for Amateurs. 

By S. R. Bottone, Ninth Edition .60 

Electrical Insulating Materials. By A. Monk- 
house, Junr., M.I.E.E., A.M.I.Mech.E. . . 21 0 

Electrical Guides, Hawkins’. Each book in 
pocket site 5 0 

No. 1. Electricity, Magnetism, Induction, 
Experiments, Dynamos, Armatures, 
Windings. 

2. Management ol Dynamos, Motors, 
Instrument, Testing. • 

„ 3. Wiring and Distribution Systems, 

Storage Batteries. 

„ 4 Alternating Currents and Alternators. 

f, S. A.C, Motors, Transformers, Converters, 
Rectifiers. 

„ 6. A.C. Systems, Circuit Breakers, 

Measuring Instruments. 

,, 7. A.C. Wiring, Power Stations, Tele¬ 
phone Work. 

„ 8. Telegraph, Wireless, BellSerLighting. 

,, 9. Railways, Motion Pictures, Automo¬ 

biles, Ignition. 

., 10. Modem Applications of Electricity. 
Reference Inde*. 

Electrical Machines, Practicai Tebtino or. 

By L. Oulton, A.M.I.E.E., and'N. J. Wilson, 
M.I.E.E. Second Edition . . ' • 

Electrical Technology? By H. Cotton, M.B.E., 

M Sc \ SU.E.E. 

Electrical TIrms, A Dictionary of. B*S. R. 

Roget, M.A., A.M.Inst.C.E., A.M.I.E.E. . . 

Electrolytic Rectifier, The. By N. At De 
Bruyne . 
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EusfcTRo-MoTORs: How Made and How 1 Used. 

By S. R, Bottone. Seventh Edition. Revised by 
C. Sy(yester, A.M.I.E.E. .* .46 

Electro-Technics, Elements or. By A. P. • 

Young, O.B.E., tfl.E.E. SO 

Engineering Educator, Pitman’s. Edited by 
W. J. Kiarton, M.Eng., A.M.l.Mech.E., A.M. 

Inst.N.A. In three volumes . , . 63 0 

Induction Coils. By G. E. Bonney. Filth 
Edition, thoroughly Revised . „ t .60 

Induction Coil, Theory or the. By E. Taylor- 

Jones,, D.Sc., F.Inst.P.12 6 

Induction Motor, The. By H. Vickers, Ph.D., 

M.Eng.21 0 

Kinematografhy Projection : A Guide to. By 
Colin H. Bennett, F.C.S., F.R.P.S. . . 10 6 

Mercury-Arc Rectifiers and Mercury-Vapour 
Lamps, By J. A. Fleming, M.A., D.Sc., F.R.S. . 6 0 

Oscillographs. By J. T. Irwin, M.I.E.E. . .76 

Power Station Efficiency Control. By John 
Bruce, A.M.I.E.E. . . . 12 6 

Power Wiring Diagrams. By A. T. Dover, 
M.I.E.E., A.Amcr.I.E.E. Second Edition, 

Revised.„6 0 

Railway Electrification. By H. F. Trewman. 

A.M.I.E.E.21 0 

Steam Turbo-Alternator, The. By L. C. Grant. 

A.M.I.E.E.15 0 

Storage Battery Practice. By R. Knnkin, B.Sc., 

M.I.E.E. ..7 6 

Transformers for Single and Multiphase 

Currents. By Dr. Gisbcrt Kapp, M.lnst.C.E., 

, M.I E.E. Third Edition, Revised by R. O, Kapp, 

, B.Sc.15 0 

TELEGRAPHY/ TELEPHONY, AND 
, WIRELESS 

Baudot Printing Telegraph System. By H. W. 

Pendry. Second Edition . . ■. , . 6 0 

Cable and Wireless Communications fir the 
World, Tme. By F.'J. Brown, C.B., C.B.E., 

M.A., B.Sc. (Lond.).7 6 

Crystal Atfb One-valvIi Circuits, Successful. 

By J. H. Watkins . 3 6 
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Loud Speakers. By C. M. R. Balbi, wffh a F»re- 

word by Professor G.W,O.IMwe,D.Sc.,M.I .E.F. 
A.M.I.E.E., A.C.G.I. . . . , . ,38 

Radio Communication, Modern. ByJ. H. Rcyncr. 
•Second Bdition • .SO 

Radio Year Book, Pitman’s. Published annually 
in December. . .18 

Telegraphy. By T. E. Herbert, A.M.I.E.E. 

Fourth Edition.18 0 

Telegraphy, Elementary. By H. W. Tendry. 

Second Edition, Revised * .76 

Telephone Handbook and Guide to the Tele¬ 
phonic Exchange, Practical. By Joseph Poole, 
A.M.I.E.E. (Wh.Sc.). Seventh Edition , , 18 0 

Telephony. By T. E. Herbert, M.I.E.E. . .18 0 

Telephony Simplipied, Automatic. By C. %V. 

Brown, A.M.I.E.E., Engineer-in-Chief's Depart- 

merit, G.P.O., London .8 0 

Telephony, The Call Indicator System in 
Automatic. By A. G. IVeestone, of the Automatic 
Training School, G.P.O., London .80 

Telephony, The Director System op Automatic. 

By W. E. Hudson, B.Sc. Hons. (London), 

WMlt.Sch., A.C.G.I.SO 

Wireless Telegraphy and Telephony, Intro¬ 
duction to. By Prof. J. A. Fleming . .36 

MATHEMATICS AND CALCULATIONS 
FOI\ ENGINEERS 

Algebra, Common-Sense tor Juniors.,Bv F. F. 

Potter, M.A., B.Sc., and J. W. Rogers, M Sc. . 3 0 

With Answers.3 8 

Algebra, Test Papers in. By A. E. Donkin, M.A. 2 0, 

With Answers.2 8 # 

.With Answers and Points Essential to Adhwers . 3 6 
Alternating Currents, Arithmetic op. By E. H. 

Crupper, M.I.E.E.4 • 8 

Calculus por Engineerwg Students. By John • 
stoney* B.SJ.. A.M.I.Min.E. . *38 

Electrical Engineering, Whitaker's Arith¬ 
metic of. Third Edition, Revised and Enlarged. 3 6 
Electrical Measuring Instruments, Com¬ 
mercial. . By R. M. Archer, B.Sc. (Lond.), 

. (A.R.C.Sc., M.I.E.E. .,10 6 
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Geometry, Elements of Practical Plane. By 
P. W. Scott . . f i. . . 2 6 

Also«in two farts.Each ,1 0 

Geometry, Test Papers in. By W. E. Paterson, 

M.A., B.Sc. ..< . 2*’0 

Points Essential to Answers, Is. In one book 3 0 
Graphic Statics, Elementjwy. By J. % Wight, 

A.M.I.Mech.E.'50 

Kilograms into Avoirdupois, Tajle for the 
Conversion of. Compijpd by 'Rrdver^ Elder. 

On paper.10 

Logarithms for Beginners. By C. N. Pickworth, 

Wh.Sc. Fourth Edition.16 

Logarithms, Five Figure, and Trigonometrical 
Functions. By W. E. Dommctt, A.M.I.A.E., and 
H. C. Hird, A.F.Ac S. (Reprinted from Malhe- 

malical Tables) . 10 

Mathematical Tables. By W. E. Dommett, 
A.M.I.A.E., and H. C. Hild, A.F.Ae.S. . .46 

Mathematic# and PrawiHS, Practical. By 

Dalton Grange.2 6 

With Answers.3 0 

Mathematics, Engineering Application of. By 

W. C. Bickley, M.Sc..‘ 5 0 

Mathematics, Experimental. By G. R.Vine, B.Sc. 

Book I, with Answers . .14 

Book II, with Answers.14 

Mathematics for Technical Students. By 

G. E. Hall . . , * . . .50 

Mathematics, Industrial (Preuminary.) By G. 

W. Stringfellow.2 0 

With Answers.2 6 

Mathematics, Introductory, Bv J. E. Rowe, 

Ph.D.' . . 10 6 

Measuring aVd Manuring Land, and Thatchers’ , 
Work, Tables fur. By J. Cullyer. Twentieth 

* Impression.3 0 

®eciirnical Tables. By J. Rxten . , . .20 

Mechanical Engineering Detail TAS^ss.'By 
John P. Ross. . , . . r . .76 

Metalworker’s Practical Calculator, The. 

By J. Mutheson.2 0, 

Metric and British System of Weights) Mba- 
s iires, and Coinage. By Dr. F. Mollwo Perkin , ^ 4 
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Metric Conversion Tables. By W. E. ifcmiuAt, 
A.M.I.A.I* . . . . 

Metric Lengths to Feet and Inches, 1'j»le for. 
the Conversion of. Compiled by Rivers Elder. 

On paper .. 

On doth, varnished ■ • 

Mining Mathematics (Preliminary). By George 

W.4»tringfellow. 

With Answers. 

Quantities and QI’antity Taking. By W. E. 

Davis. SixtA Edition. 

Reinforced Concrete Members, Simplified 
Methods of Calculating. By W. N. Twelve- 
trees, M.I.M.E., A.M.I.E.E. Second Edition, 

Revised and Enlarged. 

Russian Weights and Measures, with their 
British and Metric Equivalents. Tables of. 
By Redvers Elder . • ' ' 

Slide Rule, The. By C. N. Pickworth, Wh.Sc. 

Seventeenth Edition, Reused *• 

Slide Rule : Its Operations ; and Digit rules, 
The. By A. Lovat Higgins, A.M.lnst, C.E. 

Steel's Tables. Compiled by Joseph Steel . 
Telegraphy and Telephony, Arithmetic of. 
By T. E. Herbert. A.M.I.E.E.. and K. G. de 

Textile Calculations. By J. H. Whitwam, BSc. . 
Trigonometry for Engineers, A Primer of. ny 
W. G. Dunkiey, B.Sc. (Hons.) . . • • 

Trigonometry for Kavigating Offiobks. By 
W. Percy Winter, B.Sc. (Hon.), Lond. . 
Trigonometry, Practical. By Henry Adams. 
M.I.C.E., M.I.M.E.. F.S.I. -Third Edition, 

Revised and Enlarged . ■ 

Ventilation, Pumping, and Haui,agk, Mathe- 
matics of. By F. Birks . . • ■ • * 

» Workshop Arithmetic, First Steps in. By H. I . 
Green . 

MISCELLANEOUS TECHNICAL BOOKS 
Brewing and Malting. By J. Ross Mackenzie. 
F.C.S., F.R.M.S. Second Edition . • » ■ 

•jCeeamic Industries Pocket Book. By A. B. 
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Engineering inquiries, Data tor. By T. C. 

Connan, B.Sc., A.M.I.Eflj., O.p.E. . . 12 6 

Lightning Conpuctors and Lightning Guards. 

By Sir Oliver J. Lodge, F.R.S., LL.D., D.Sc., * 

M.I.E.E. . r .« . 15 »0 

Music Engraving and Printing. By Wm. Gamble 21 0 
Petroleum. By Albert Liggett, Editor of the 
" Petroleum Times." Third Edition . . . «5 0 

Printing. By H. A. Maddox . . .50 

Refractories for Furnaces, OriAibles, etc. 

By A. B. Searlc . . . '. .50 

Refrigeration. Mechanical. By Hal Williams. 

M.LMech.E., M.I.E.E., M.I.Strnct. E. . 20 0 

Seed Testing. By J. Stewart Remington . . 10 6 

PITMAN'S TECHNICAL PRIMERS 

Eachinfoolscap8vo, cloth, about 120pp., illustrated 2 6 
In each book of the series the fundamental 
principles of some subdivision of technology 
are treated in a practical nyuiner, providing the 
student rfith a handy survey of the particular 
branch of technology with which he is con¬ 
cerned. They should prove invaluable to the 
busy practical man who has not the time for' 
more elaborate treatises. 

Abrasive Materials. By A. B. Searle. 

A.C. Protective Systems and Gears. By 1. 
Henderson, B.Sc., M.C., and C. W. Marshall, 

B.Sc., A.M.l.E.E. • 

Belts for Bower Transmission. By W. G. 
Dunklcy, B.Sc. (Hons.). 

Boiler Inspection and Maintenance. By R. 
Clayton. 

Capstan and Automatic Lathes. By Philip 
Gates. • 

Central StationspModern. By C. W. Marshall, 

> B»Sc„ A.M.l.E.E. 

•Coal Cutting Machinery! Lonowau.. By 
Cf. F. F. Eagar, M.I.Min.E, ' ® 

Continuous Current Armature V/Inding. 

By F. M. Denton, A.C.G.I., A.Amer.I.E.E. 
Continuous Current Machines, The Testing 
of. Bv Charles F. Smith, D.Sc., M.I.E.E., 
f.M.I.C.E. 
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Cotton Spinning Machinery and Its Uses. 

By Wm, Scott Taggart, A.l.Mech.E. 

DIesel Engine, The. Bv A. Orton. • * 

.Drop Forging and Drop StamiVg By H. 

Hayes. 

Electric Cables. By F. W. Main, A.M.RE.E. 
Electric CHanes and Hauling Machines. Bv 
F. E. Chilton, A M I.E.E. 

Electric Furnace, The. Bv Frank I, Moffett 
B.A., M.I.E.E.. M.Cons.E. 

Electric- Motors, Small. Bv E T. Painton, 
B.Sc., A.M.I.E.E. 

Electric Power Systems. Bv Cant. W. T, 
Taylor, M.Inst.C.E., M.I.MccIlK. 

Electrical Insulation. Bv W. S. Flight. 
A.M.I.E.E. 

Electrical Transmission op Energy. Bv \V. 

M. Thornton, O.B.E., D.Sc., M.I.E K. 
Electricity in AcRictari-RE. Bv A H. Allen, 
M.I.E.E. V *. 

Electricity in Steel Works. By Wm. 
McFarlane, B.Sc. 

Electrification op Railways, The. By H. F. 
Trewman, M.A. 

Electro-Deposition op Copper, The And jfs 
Industrial Applications Bv Claude W, Dennv, 
A.M.I.E.E. 

Explosives, Manufacture and Cses of. Bv 
R. C. Farmer, O.B E . D.Sc., Ph D 
Filtration. By T. R. Wollaston, Ml Mech.F. 
Foundrywork. By Ben Shaw and James 
Edgar. , 

Grinding Machines and Their I'ses. By Thus, 
R. Shaw, M.I.Mech.E , 

* House Decorations and Repairs. By Wm. 
Prebble. 

Hydro-Electric Development By J. VV. 
Meves, 'F.R.AS., M.Inst.C.E., M.I.E.E^ 
MAmlrF.F. 

Illuminating Engineering, The Elements of. 

By A. P. Trotter, M I.E.E. 

Industrial and Power ACcoiiol. By K. C. 
Fanner, O.B.E., D.Sc., Ph D., F.I.C. 
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Industrial Electric .Heating. By J.sW. 

Beauchamp. M.I.E.E. 1 r 
InduItrial motor Control. By A. T. Dover, 
M.I.E.E. |T 

Industrial Nitrogen. By P. H. S. Kempton, 
B.Sc. (Hons.), A.R.C.Sc. . 

Kinehatograpk Studio Technique. By L. C. 
Macbean. 

Lubricants and Lubrication. PyJ. H. Hyde. 
Mechanical Handling op Goods, The. • By C. 

H. Woodfield, M.I.Mech.E. 

Mechanical Stoking. By D. Brownlie, B.Sc.. 

A. M.I.M.E. (Double vol., price Ss. net.) 
Metallurgy op Iron and Steel. Based on 

Notes by Sir Robert Hadfield. 

Municipal Engineering. By H. Percy Boulnois, 
M.Inst.C.E., F.R.San.Inst., F.Inst.S.E. 

Oils, Pigments, Paints, and Varnishes. By 
R. H. Truelovc. 

Patternmauing. By Ben Sb/w and James Edgar. 
Petrol Cars and Lorries. By F. Heap. 
Photographic Technique. By L. J. Hibbert, 
F.R.P.S. 

Pneumatic Conveying. By E. G. Phillips, 
M.L£.E„ A.M.l.Mech.E. 

Power Factor Correction. By A.-F-. Clayton, 

B. Sc. (Eng.) Lond., A.K.C., A.M.I.E.E. 
Radioactivity and Radioactive .Substances. 

By J. Chadwick, M.Sc. 

Railway Signalling : Automatic. By F. 
Raynar Wilson. 

Railway Signalling.: Mechanical. By F. 
Raynar Wilson. 

Sewers and Sewerage. By H. Gilbert Whyatt, 
M.I.C.E. 

Sparking Plugs. By A. P. Young and H. Warren. 
JJtea'm Engine Valves and Valve Gears. By 
E,L. Ahrons, M.I.Mech.E.* M.I.Loco.E. ,, 
Steam Locomotive, The. By E. L. Ahrons, 
M.LMeck.E., M.I.Loco.E. 

Steam Locomotive Construction and Main- 
tenanA. By E. L, Ahrons, M.I.Mech.E., 
M.I.Loco.E. 
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Switchgear, High TensiAn. Bv Henry E. Poole 

B. Sc. (Hons.), A.C.G.I., A M.S.E.E. 

Switching and Switchgear. By Henry E 

Poole, B.Sc. (Hons.), A.C.G.I., A.M.I E E. 
Telephones, Automatic. By F. A. Ellson, 
B.Sc., A M,LE E. (Double vol., price Ss.) 
Tidal Poweh. By A. M. A. Struben, O.B.E., 
A.M.In5t.C.E. 

Tool and Machine Setting. For Milling. 
Drilling, Tapping, Bgring, Grinding, and Press 
Work. By Philip GaS* • 

Town Gas Manufacture. By Ralph Stalev 
M.C. 

Traction Motor Control. By A. T. Dover, 
M.I.E.E. 

Transformers and Alternating Current 
Machines, The Testing of. Bv Charles F. 
Smith, D.Sc., A.M.Iirst.C.E., Wh Sc. 
Transformers, High Voltage Power. By We. 

T. Taylor, M.Inst.C.F... M I F. K. * 
Transformers, Small Single-Phase. By Edgar 
T. Painton, B.Sc. Eng., Hons, (bond.), 
A.M.I.E.E. 

Water Power Engineering. By F. F. Fg rgusson, 
A.M.Inst.C.E. 

Wireless Telegraphy, Continuous Wave. 

By B. E. G. Mittell.-A.M.I.E.E. 

WirEIess "Telegraphy, Directive. Directie* 
and Position Finding, etc. By L. H. Walter, 
M.A. (Cantab.), A.M.I.E.E. 

X-Rays, Industrial Application of. By P. 
H. S. Kempton, B.Sc. (Hons.). 


3T u EI i ,! E 2«r Based on Notes by Sir RoW 
H^fteld^Bart.; canpil* by T. H. Burnham. 
• B.Sc (Double vol., price 5s.) • • 

Steelwork, Structural. By IVnV H. Black 
Streets, Roads, and Pavements. BvH Gilbert 
Whyatt, M.Inst.C.E Jd.R.San.I. • 
Switchboards, High Tension. By Henry E. 
Poole. B.Sc. (Hons). Lond.. A.CGI 
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* c COMMON commodities and 

INDUSTRIES SERIES < 

Each bipok is ( crown 8vo, cfoth, with many 

illustrations, etc. .. 

In each of the handbooks in this series a par¬ 
ticular product or industry is treated by an 
expert writer and practica/rnan of business. 
Acids, Alkalis, and Salts. *By G. H. J. Xdlam, 
M.A., B.Sc., F.C.S. 

Alcohol in Commerce and Industry. By C. 

Simmonds, O.B.E., B.ScT, F.I.C., F.C.S. 1 
Aluminium. Its Manufacture, Manipulation, and 
Marketing. By George Mortimer, M.Inst.Met. 
Anthracite. By A. Leonard Summers. 
Asbestos. By A. Leonard Summers. 
Bookbinding Craft and Industry, The. By 
T. Harrison. 

Boot and Shoe Industry, The. By J. S. Harding. 
Bread and Bread Baking. By John Stewart. 
Bkushmakf.i* Tiie. By Wm Kiddier. 

Butter aniA heese. By CW. Walker Tisdale, 
F.C.S., and Jean Jones, B.D.F.D., N.D.D. 
Button Industry, The. By W. Unite Jones. 
Carpets. By Reginald S. Brinton. 

Clays and Clay Products. By Alfred B. Searle. 
Clocks and Watches. By G. I.. Overton. 
Cloths and the Cloth Trade. By J. A. Hunter. 
Clothing Industry, The. By B. W T . Poole. 
Coal. Its Origin, Method of Working, and Prep¬ 
aration for tfce Market. By Francis H. Wilson, 
M.Inst.M.E. 

Coal Tar. By A. K. W r ames, F.C.S., A.I.Mccli.E. 
Cocoa and Chocolat* Industry, The. By A. 
W. Knapp, B.Sc., F.I.C. 

Coffee. Fram Grower to Consumer. By B. B. 
Keable. 

pOLD, Storage and Ice Making. By B. H. 
o Springett. * 

Concmete and Reinforced Concrete. 'Ey V/. 
* Noble Twelvetrees, M.I.M.E., A.M.I.E^f 
Copper. F»om the Or^to the Metal. By H. K. 

Picard, M.Inst. of Min. and Met. 

Cordage and. Cordage Hemp and Fibres. By 
T. W'oodhouse and P. Kilgour. 
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Common Commodities and Industr<Is Series 3 0 
— comd . ^ % * 

Corn Trade, The British. By A. Bykor. f 
Cotton. From the Raw Material to the Flushed 
Prodifct. By R. J. Peake. ' 

Cotton Spinning. By A. S. Wade. # 

Cycle Industry. TnkUBv W. Grew. 

©rugs in Commerce. Bv J. Humphrey. Ph.C., 

F.J.l. 

Dyes and TheiH Application to Textile 
Fabrics. By A. J. H.ill. B.Sc., F.I.C., F.C.S. 

Electric Lamp Industry, The. By G. Arnchfle 
Percival. 

Electricity. By R. E. Neale, B Sc. (Hons.). 
Engraving. By T. W. Iaiscelles. 

Explosives, Modern. By S. 1. Levy, B.A., B.Sc., 

F.I.C. 

Fertilizers. By H. Cave. 

Film Industry, The. By Davidson Boughey. 

Fishing Industry, Tme. By W. E. Gifcbs, D Sc. 
Furniture. By H. E. Bestead. Seconfi Edition. 

Furs and the Fur Trade. Bv J. C. Sachs. 

Gas and Gas Making. Bv W. H. Y. Webber, C.E. 

GIass and Glass Manufacture. By P. Mason. 

Honours and Medallist tn Glass Manufacture. 

Gloves ani> the Glove Trade. By B. E. Ellis. 

Gold. By Benjamin White. 

Gums and Resins. Their Occurrence, Properties, 
and Uses, tfy Ernest J. Parry. B.Sc., F.I.C., 

F.C.S. • 

Incandescent Lighting. By S. I. Levy. B.A.. 

Ink. By C. Ainsworth Mitchell. M.A., F I.C. 

Internal Combustion Engines. By J. Okill, 
M.I.A.E. , • _ 

Iron and Steel. Their Production and Manu¬ 
facture. By C. Hood. 

Ironfounding. By 1*. Whitelev. 

Jut# Industry, The. By T. Woodhouse and I*. 

Kilgour* « , . . ‘ . 

Knitted Fabrics. By John Chambeitwn and 
James H. Quilter. • % 

Lead. Including Lead Pigments. By J. A. 
Smythe, Ph.D.. D.Sc. 
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Common toMMobiTiss and Industries Series 
— contd. e c 4 4 

Leatker. Frem the Raw Material to the Finished 
Product. By K» J. Adcock. 

Linen. From the Field to the Finished Product. 

By Alf*ed S. Moore. , 

Locks and Lock Making, jfy F. J. gutter. 
Match Industry, The. By W. H. Dixon. 

Meat Industry, The. By Walter Wood. 

Motor Boats. By Major F, StricKlatid, M.I.E.E., 
M.I.M.E. 

Motor Industry, The. By Horace Wyatt, B.A. 
Nickel. By F. B. Howard White, B.A. 

Oil Power. By Sidney H. North, A.Inst.P.T. 
Pils. Animal, Vegetable, Essential, and Mineral. 

By C. Ainsworth Mitchell, M.A., F.I.C. 

Paints and Varnishes. By A. S. Jennings, 
F.I.B.D. 

Paper. Its History, Sources, and Production. 
By Harry*A. Maddox, Silver Medallist Paper¬ 
making. Second Editioj**^ 

Patent Fuels. By J. A. Greene and F. Mollwo 
Perkin. C.B.E., Ph.D., F.I.C. 

Perfumery, Raw Materials of. By E. J.' 

Parry. B.Sc., F.I.C., F.C.S. 

Photogr Apfi y. By William Gamble, F.R.P.S. 
Platinum Metals. By E. A. Smith, A.R.S.M., 
M.I.M.M. 

Player Piano, The. By D. Millcr*Wilson. 
Pottery. By**C. J. Noke and H. J. Plant. 

Rice. By C. E. Douglas, M-l.Mech.E. 

Rubber. Production and Utilization of the Raw 
Ih-oduct. By C. Beadle and H. P. Stevens, 
M.A., Ph.D., F.I.C. 

Salt. By A. F. Covert, F.C.S. 

Shipbuilding and<the Shipbuilding Industry. 
#■ By J. Mitchell, M.I.N.A. 

'Silk. Its Production and Manufacture. By 
Wither Hooper. * • 

silver’. By Benjamin White. 

Soap. Itsvomposition, Manufacture, and Proper 
ties. By William H, Simmons. B.Sc. (Lond.) 
F.C.S. 

Sponges. By E. J. J. Cresswell. 
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Combon Commodities and Industrie Shies 
— contt. , • 

Starch and Starc/P Products. By H. 4. 
"Auden, D.Sc., F.C.S. . 

• Stones #nd Quarries. By ]. Allen Howe, 
O.B.E., B.Sc., M.Inst Min. and Met. # 

•Straw Hats. By li IiVards, 

S*gar, Cane - nncr Belt. By the late Geo 
Martineau, C.B., and Revised by F. C. Eastick. 

M.A. Fifth Edltwn. 

Sulphur Snd the Sulphur Industry. By 
Harold A. Auden, M.Sc., B.Sc., F.C.S. 

Talking Machines. By Ogilvie Mitchell. 

Tea. From Grower to Consumer. By A. 
Ibbetson. 

Telegraphy, Telephony, and Wireless. By 
Joseph Poole, A.M.I.E.E. 

Textile Bleaching. By Alex. B. Steven, B.Sc. 

(Lond,). F.l.C. , 

Timber. From the Foregt to its I’sein tt#nmercc 
By W. Bullock. Secoi^Cdition. 

Tin and the Tin Industry Bv A. H. Mundev. 
Tobacco. From Grower to Smoker. By A. h. 


Tanner. 

•Velvet and the Corduroy Industry. By j- 
Herbert Cooke. * 

Wall-paper. By G. Whiteley Ward. 

Weaving. By W. P. Crankshaw 

Wheat and Its Products. By Andrew Mdlar. 

Wine and the Wine Trade. By Andr^USimon. 
Wool. From the Raw Material to the Finished 
Product. By J. A. Hunter. 

Worsted Industry, The. By J. Dumville and 
S. Kershaw. Second Edition. 

Zinc and Its Alloys. By T. E. Lone* M.A.. 

* LL.D., B.Sc. . 
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PITMAN’S NEW SERIAL WORK'S 


CARS Ai4d MOTOR CYCLES 

* * Edited by 

LORD HOIfAflD OV BEAULIEU, O.LL, K.0JJL , 

AND 

MARCUS W. jpUBDOI 

The preicnt work explains eveaf4spe& p* p-Hof-ng and motor- * 
cycling. 

Some of the beat known writers and authorities are contributing 
specialist articles dealing with different gftMKs of the subject. No 
attempt has been made to deaf with engines or vehicles of anv 
particular make, as it would be quito Impossible in a work of this 
kind to keep up to date with this rapidly growine Industry. As far 
as possible the work has been confined to the main principles which 
undergo little or no change over a period of years. It is this feature 
which will make the complete work so valuable as a workpf reference. 

Oonplate in M TvtnJgbtlr Futa. Fries lit Ml Muh Tut.. 


DICTIONARY OF INDUSTRIAL 
ADMINISTRATION 

Emit- *»v 

JOB* US, OJK... MUL, lL0oci.Se. 

A comprehensive encyclopaedia of the Organization, Adminis¬ 
tration, and Management of Modern Industry. Provides a direct 
and authoritative guide to the practical knowledge which is the 
first essential for success in Industrial Administration, in whatever 
capacity the. madcr may be engaged, from owner to employee, and ’ 
from welfare worker to student. 

Complete in 10 Portnightly Parta. Prioa 1/S not each Pari 


TECHNICAL DICTIONARY OF 
ENGINEERING AND INDUSTRIAL 
SpIENCE 

Rim buffuacat—EngUah. Enoch, IptnMi, Italian, 
Portugnsaa. Raarian, and Oenaaa 


- Compiled by 

ERVEtT KATER, XXRJL. MAMach* 

f • in Collaboration with Leadino Authorities 
> A comprehensive Dictionary of^ii the branches of Industry, 
Technology, Science, and Art, arranged in one complete eeU-con- 
.fined publication. „ , 

OoawpMe in abont *6 Parta Prioa A/6 oat aaah Pari 

Full Particular* Port Frtt on Application. • 

Ur Iaaae Pitman * Ana, Ul, Parker At, Ktagnrarftfinta. WjOJ 






